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PREFACE 


Formerly it was our practice to send to each student 
entitled to receive them a set of volumes printed and bound 
especially for the Course for which the student enrolled. 
In consequence of the vast increase in the enrolment, this 
plan became no longer practicable and we therefore con- 
cluded to issue a single set of volumes, comprising all our 
textbooks, under the general title of I. C. S. Reference 
Library. The students receive such volumes of this 
Library as contain the instruction to which they are entitled. 
Under this plan some volumes contain one or more Papers 
not included in the particular Course for which the student 
enrolled, but in no case are any subjects omitted that form 
a part of such Course. This plan is particularly advan- 
tageous to those students who enroll for more than one 
Course, since they no longer receive volumes that are, in 
some cases, practically duplicates of those they already 
have. This arrangement also renders it much easier to 
revise a volume and keep each subject up to date. 

Each volume in the Library contains, in addition to the 
text proper, the Examination Questions and (for those 
subjects in which they are issued) the Answers to the 
Examination Questions. 

In preparing these textbooks, it has been our constant 
endeavor to view the matter from the student’s standpoint, 
and try to anticipate everything that would cause him 
trouble. The utmost pains have been taken to avoid and 
correct any and all ambiguous expressions—both those due 
to faulty rhetoric and those due to insufficiency of state- 
ment or explanation. As the best way to make a statement, 
explanation, or description clear is to give a picture or a 


ill 
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diagram in connection with it, illustrations have been used 
almost without limit. The illustrations have in all cases 
been adapted to the requirements of the text, and projections 
and sections or outline, partially shaded, or full-shaded 
perspectives have been used, according to which will best 
produce the desired results. 

The method of numbering pages and articles is such that 
each part is complete in itself; hence, in order to make the 
indexes intelligible, it was necessary to give each part a 
number. This number is placed at the top of each page, on 
the headline, opposite the page number; and to distinguish 
it from the page number, it is preceded by a section 
mark (§). Consequently, a reference, such as $3, page 10, 
can be readily found by looking along the inside edges of 
the headlines until §3 is found, and then through §83 until 
page 10 is found. 
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GEOMETRICAL DRAWING 


INSTRUMENTS AND MATERIALS 


1. A drawing is a representation of objects on a plane 
surface by means of lines or lines and shades. When done 
by the use of free hand only, it is called freehand draw- 
ing or sketching; when instruments are used, so that 
greater exactness may be obtained, it is called instru- 
mental, or mechanical, drawing. 


2. All the instruments and materials required for the 
courses in drawing are mentioned in the following descrip- 
tions: 

The drawing board should be made of well-seasoned, 
straight-grained pine, the grain running lengthwise. For 
this Course, the student will need a board of the following 
dimensions: length over all, 224 inches; width, 164 inches. 

The drawing board illustrated in Fig. 1 is the one fur- 
nished in our students’ drawing outfits and can be fully 
recommended as possessing the qualities a good and accu- 
rate board should have. It is made of several pieces of pine 
wood glued together to the required width of the board. A 
pair of hardwood cleats is screwed to the back of the board, 
the screws passing through the cleats in oblong slots with 
iron bushings, which allow the screws to move freely when 
drawn by the contraction and expansion of the board. 
Grooves are cut through half the thickness of the board 
over the entire back side. These grooves take the trans- 
verse resistance out of the wood and allow it to be controlled 
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by the cleats, at the same time leaving the longitudinal 
strength nearly unimpaired. In order to provide a per- 
fectly smooth working edge for the head of the T square to 
slide against, a strip of hard wood is let into the short edges 
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of the board, and is sawed through in several places, in order 
to allow for the contraction and expansion of the board. The 
cleats also raise the board from the table, thus making it 


FIG. 2 


easier to change the position of the board. When in use, the 
board is placed so that one of the short edges is at the left 
of the draftsman, as shown in Fig. 2. 


3. The T square is used for drawing horizontal straight 
lines. The head 4 is placed against the left-hand edge of 
the board, as shown in Fig. 2. The upper edge C of the 
blade 4 is brought very near to the point through which it 
is desired to pass a line, so that the straight edge C of the 
blade may be used as a guide for the pen or pencil. It is 
evident that all lines drawn in this manner will be parallel. 
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Vertical lines are drawn by means of triangles. The tri- 
angles most generally used are shown in Figs. 3 and 4, each 
of which has one right angle. The triangle shown in Fig. 3 
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has two angles of 45° each, and that in Fig. 4 one of 60° and 
one of 80°. They are called 45° and 60° triangles, respect- 
ively. To draw a vertical 
line, place the T square in 
position to draw a_hori- 
zontal line, and lay the tri- 
angle against it, so as to 
formaright angle. Hold 
both T square and triangle 
lightly with the left hand, 
so as to keep them from 

me slipping, and draw the line 
with the pen or pencil held in the right hand, and against 
the edge of the triangle. Fig. 5 shows the triangles and 
T square in position. 


4. For drawing parallel lines that are neither vertical 
nor horizontal, the simplest and best way, when the lines 
are near together, is to place one edge of a triangle, 
as ab, Fig. 6, on the given line cd, and lay the other tri- 
angele, as B, against one of the two edges, holding it fast 
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with the left hand; then move the triangle A along the 
edge of B. The edge vé will be parallel to the line Cas 
and when the edge a0 reaches the point g, through which it 
is desired to draw the parallel line, hold both triangles 


FIG. 6 


stationary with the left hand and draw the line ef by pass- 
ing the pencil along the edge ad. Should the triangle 4 
extend too far beyond the edge of the triangle 4 after a 
number of lines have been drawn, hold A stationary with 
the left hand and shift B along the edge of A with the 
right hand and then proceed as before. 


5. <A line may be drawn at right angles to another line 
which is neither vertical nor horizontal, as illustrated in 
Fig. 7. Let cd be the given line (shown at the left-hand 
side). Place one of the shorter edges, as ad, of the triangle B 
so that it will coincide with the line cd, then, keeping the 
triangle in this position, place the triangle A so that its 
long edge will come against the long edge of 2. Now, 
holding A securely in place with the left hand, slide 2 along 
the edge of A with the right hand, when the lines 42, mn, 
etc. may be drawn perpendicular to cd along the edge bf 
of the triangle 4. The dotted lines show the position of the 
triangle 6 when moved along the edge ot A. 


6. The right-hand portion of Fig. 7 shows another 
method of accomplishing the same result, and illustrates 
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how the triangles may be used for drawing a rectangular 
figure, when the sides of the figure make an angle with the 
T square such that the latter cannot be used. 

Let the side c dof the figure be given. Place the dong side 
of the triangle B so as to coincide with the line cd, and 
bring the triangle A into position against the lower side of B, 
as shown. Now, holding the triangle A in place with the 
left hand, revolve 4 so that its other short edge will rest 
against the long edge of A, as shown in the dotted position 
at B’. The parallel lines ce and df may now be drawn 


1e) ce) 
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through the points ¢ and d by sliding the triangle 2 on the 
triangle A, as described in connection with Fig. 6. Meas- 
ure off the required width of the figure on the line ce, 

reverse the triangle B again to its original position, still 
. holding the triangle A in a fixed position with the left hand, 
and slide B upon A until the long edge of 4 passes through e. 
Draw the line ¢/f through the point e, and e¢/ will be par- 
allel tocd. The student should practice with his triangles 
before beginning drawing. 

%. The compasses, next to the T squareand triangles, 
are used more than any other instrument. A pencil and 
pen point are provided, as shown in Fig. 8, either of which 
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may be inserted into a socket in one leg of the instrument, 
for the drawing of circles in pencil or ink. The other leg 
is fitted with a needle point, which acts as the center about 
which the circle is drawn. In all good instruments, the 
needle point itself is a separate piece of round steel wire, 
held in place in a socket provided at the end of the leg. 
The wire should have a square shoulder at its lower end, 
below which a fine, needle-like point projects. The /ength- 
ening bar, also shown in the figure, is used to extend the 
leg carrying the pen and pencil points when circles of large 
radii are to be drawn. 

The joint at the top of the compasses should hold the legs 
firmly in any position, and at the same time should permit 
their being opened or closed 
with one hand. The joint may 
be tightened or loosened by 
means of a screwdriver or 
wrench, which accompanies 
the compasses. 

It will be noticed in Fig. 8 
that each leg of the compasses 
is jointed; this is done so that 
the compass points may always 
be kept perpendicular to the 
paper when drawing circles, as 
in Fig. 11. 

The style of compasses shown 
in Fig. 8 have what is called a 
tongue joint, in which the head 
of one leg has a tongue, gener- 
ally of steel, which moves be- 
tween two lugs on the’ other 
leg. Another common style of 
joint is the pzvot joint, in which 
the head of each leg is shaped 
like a disk and the two disks 
are held together in a fork-shaped brace either by means of 
two pivot screws or by one screw penetrating both disks. 


FIG. 8 
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The brace that forms a part of this joint is generally pro- 
vided with a handle, as the shape of the joint makes it rather 


FIG. 9 


awkward to hold the compasses by the head, as is usual with 
instruments provided with tongue joints. In Fig. 9 is 
shown a common style of pivot joint. 


8. The following suggestions for handling the compasses 
should be carefully observed by those who are beginning the 
subject of mechanicaldrawing. Any draftsman who handles 
his instruments awkwardly will create a bad impression, no 
matter how good a workman he may be. The tendency of 
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all beginners is to use both hands for operating the com- 
passes. This is to be avoided. The student should learn 
at the start to open and close them with one hand, holding 
them as shown in Fig. 10, with the needle-point leg resting 
between the thumb and fourth finger, and the other leg 
between the middle and forefinger. When drawing circles, 
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hold the compasses lightly at the top between the thumb and 
forefinger, or thumb, forefinger, and middle finger, as in 
Fig. 11. Another case where both hands should not be used 
is in locating the needle point at a point on the drawing about 
which the circle is to be drawn, unless the left hand is used 
merely to steady the needle point. Hold the compasses as 
shown in Fig. 10, and incline them until the under side of the 


Si ; 
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handrests upon the paper. This willsteady the hand so that 
the needle point can be brought to exactly the right place 
on the drawing. Having placed the needle at the desired 
point, and with it still resting on the paper, the pen or pen- 
cil point may be moved out or in to any desired radius, 
as indicated in Fig. 10. When the lengthening bar is used, 
both hands must be employed. 


9. The compasses must be handled in such a manner that 
the needle point will not dig large holes in the paper. Keep 
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the needle point adjusted so that it will be perpendicular to 
the paper, when drawing circles, and do not bear upon tt. 
A slight pressure will be necessary on the pen or pencil 
point, dut not on the needle potnt. 


10. The dividers, shown in Figs. 9 and 12, are used 
for laying off distances upon a drawing, or for dividing 
straight lines or circles into parts. The points of the 
dividers should be very sharp, so that they will not punch 
holes in the paper larger than is absolutely necessary to be 
seen. Compasses are sometimes furnished with two steel 
divider points, besides the pen and pencil points, so that the 
instrument may be used either as compasses or dividers. 
This is the kind illustrated in Fig. 12. When using the 


FIG. 12 


dividers to space a line or circle into anumber of equal parts, 
hold them at the top between the thumb and forefinger, as 
when using the compasses, and step off the spaces, turning 
the instrument alternately to the right and left. If the line 
or circle does not space exactly, vary the distance between 
the divider points and try again; so continue until it is 
spaced equally. When spacing in this manner, great care 
must be exercised not to press the divider points into the 
paper; for, if the points enter the paper, the spacing can 
never be accurately done. The student should satisfy him- 
self of the truth of this statement by actual trial. 


11. The bow-pencil and bow-pen, shown in Fig. 13, 
are convenient for describing small circles. The two points 
of the instruments must be adjusted to the same length; 
otherwise, very small circles cannot be drawn. To open or 
close either of these instruments, support it in a vertical 
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position by resting the needle point on the paper and bear- 
ing slightly on the top of it with the forefinger of one hand, 
and turn the adjusting nut 
with the thumb and middle 
finger of the same hand. 


12. Drawing Paper 
and Pencils.—The draw- 
ing paper recommended for 
this series of lessons is T. 5. 
Co.’s cold-pressed demy, the 
size of which is 15” x 20”, 
It takes ink well and with- 
stands considerable erasing. 
The paper is secured to the 
drawing board by means 
of thumbtacks. Four are 
usually sufficient—one at 
each corner of the sheet (see Fig. 7). Place a piece of paper 
on the drawing board, and press a thumbtack through one 
of the corners about + or 2 of an inch 
from each edge. Place the T square in 
position for drawing a horizontal line, 
as before explained, and straighten the 
paper so that its upper edge will be 
parallel to the edge of the T-square 
blade. Pull the corner diagonally op- 
posite that in which the thumbtack 
was placed, so as to stretch the paper 
slightly, and push in another thumb- 
tack. Do the same with the remaining 
two corners. For drawing in pencil, an 
HHHH pencil of any reputable make 
should be used. The pencil should be 
sharpened as shown at A, Fig. 14. Cut 
the wood away so as to leave about 4 or 
2 of an inch of the lead projecting; then ie a 
sharpen it flat by rubbing it against a fine file or a piece of 
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fine emery cloth or sandpaper that has been fastened to a 
flat stick. Grind it toa sharp edge like a knife blade, and 
round the corners very slightly, as shown in the figure. If 
sharpened to a round point, as shown at B#, the point will 
wear away very quickly and make broad lines; when so 
sharpened it is difficult to draw a line exactly through a 
point. The lead for the compasses should be sharpened in 
the same manner as the pencil, but should have its width 
narrower. Le sure that the compass lead 1s so secured that 
when circles are struck in either direction, but one line will 
be drawn with the same radius and center. 


13. Inking.—For drawing ink lines other than arcs of 
circles, the ruling pen (or vrzght-line pen, as it is sometimes 
called) is used. It should be held as nearly perpendicular 
to the board as possible, with the hand in the position 


shown in Figs. 15 and 16, bearing lightly against the T square 
or triangle, along the edge of which the line is drawn. 
After a little practice, this position will become natural, and 
no difficulty will be experienced. 
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14. The beginner will find that it is not always easy to 
make smooth lines. If the pen is held so that only one blade 
bears on the paper when drawing, the line will almost inva- 
riably be ragged on the edge where the blade does not bear. 
When held at right angles to the paper, as in Fig. 16, how- 
ever, both blades will rest on the paper, aud if the pen is in 
good condition, smooth lines will result. The pen must not 
be pressed against the edge of the T square or triangle, as 
the blades will then close together, making the line uneven. 
The edge should serve as a guide simply. 


Lf i) 
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In drawing circles with the compass pen, the same care 
should be taken to keep the blades perpendicular to the 
paper by means of the adjustment at the joint. In both 
the ruling pen and compass pen, the width of the lines can 
be altered by means of the screw which holds the blades 
together. The handles of most ruling pens can be unscrewed, 
and are provided with a needle point intended for use when 
copying maps by pricking through the original and the 
underlying paper, thus locating a series of points through 
which the outline may be drawn. 
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15. Drawing Ink.—The ink we recommend for the 
work in this Course is the T. S. Co.’s superior waterproof 
liquid India ink. A quill is attached to the cork of every 
bottle of this ink, by means of which the pen may be filled. 
Dip the quill into the ink and then pass the end of it 
between the blades of the drawing pen. Do not put too 
much ink in the pen, not more than enough to fill it for a 
quarter of an inch along the blades, otherwise the ink is 
liable to drop. Many draftsmen prefer to use stick India 
ink; and for some purposes this is to be preferred to the 
prepared liquid ink recommended above. In case the stick 
ink is bought, put enough water in a shallow dish (a com- 
mon individual butter plate will do) to make enough ink for 
the drawing, then place one end of the stick in the water, 
and grind by giving the stick a circular motion. Do not 
bear hard upon the stick. Test the ink occasionally to see 
if it is black. Draw a fine line with the pen and hold the 
paper in a strong light. If it shows brown (or gray), grind 
a while longer, and test again. Keep grinding until a fine 
line shows d/ack, which will usually take from fifteen min- 
utes to half an hour, depending on the quantity of water 
used. The ink should always be kept well covered witha 
flat plate of some kind, to keep out the dust and prevent 
evaporation. The drawing pen may be filled by dipping an 
ordinary writing pen into the ink and drawing it through 
the blades, as previously described when using the quill. If 
liquid ink is used, all the lines on all the drawings will be of 
the same color, and no time will be lost in grinding. If 
stick ink is used, it is poor economy to buy a cheap stick. 
A small stick of the best quality, costing, say, a dollar, will 
last as long, perhaps, as five dollars’ worth of liquid ink. 
The only reason for using liquid ink is that alllines are then 
sure to be of equal blackness and time is saved in grinding. 

India ink will dry quickly on the drawing, which is desir- 
able, but it also causes trouble by drying between the blades 
and refusing to flow, especially when drawing fine lines. 
The only remedy ts to wipe out the pen frequently with a cloth. 
Do not lay the pen down for any great length of time when 
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it contains ink; wipe it out first. The ink may sometimes be 
started by moistening theend of the finger and touching it 
to the point, or by drawing a slip of paper between the ends 
of the blade. Always keep the bottle corked. 


16. To Sharpen the Drawing Pen.—When the ruling, 
or compass, pen becomes badly worn, it must be sharp- 
ened. For this purpose a fine oilstone should be used. If 
an oilstone is to be purchased, a small, flat, close-grained 
stone should be obtained, those having a triangular section 
being preferable, as the narrow edge can be used on the 
inside of the blades in case the latter are not made to swing 
apart so as to permit the use of a thicker edge. 

The first step in sharpening is to screw the blades together, 
and, holding the pen perpendicular to the oilstone, to draw 
it back and forth over the stone, changing the slope of the 
pen from downwards and to the right to downwards and to 
the left for each movement of the pen to the right and left. 
The object of this is to bring the blades to exactly the 
same length and shape, and to round them nicely at the 
point. 

This process, of course, makes the edges even duller than 
before. To sharpen, separate the points by means of the 
screw, and rub one of the blades to and from the operator 
in a straight line, giving the pen a slight twisting motion 
at the same time, and holding it at an angle of about 15° with 
the face of the stone. Repeat the process for the other 
blade. To be in good condition, the edges should be fairly 
sharp and smooth, but not sharp enough to cut the paper. 
All the sharpening must be done on the outside of the blades. 
The inside of the blades should be rubbed on the stone only 
enough to remove any burr that may have been formed. 
Anything more than this will be likely to injure the pen. 
The whole operation must be done very carefully, bearing 
on lightly, as it is easy to spoil a pen in the process. 
Examine the points frequently, and keep at work until the 
pen will draw both five lines and smooth heavy lines. Many 
draftsmen prefer to send the pens to be sharpened to the 
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dealer who sold them, and who is generally willing to do 
such sharpening at a trifling cost. 


1%. Irregular Curves.—Curves other than arcs of cir- 
cles are drawn with the pencil or ruling pen by means of 
curved or irregular-shaped rulers, called irregular curves 
(see Fig. 17). A series of points is first determined through 
which the curved line is to pass. The line is then drawn 
through these points by using such parts 
of the irregular curve as will pass through 
several of the points at once, the curve be- 
ing shifted from time to time as required. 

It is usually difficult to draw a smooth, 
continuous curve. The tendency is to 
make it curve out too much between the 
points, thus giving it a wavy appearance, 
or else to cause it to change its direction 
abruptly where the different lines join, 
making angles at these points. These 
defects may largely be avoided by always 
fitting the curve to at least three points, 
and, when moving it to a new position, 
by setting it so that it will coincide with 
part of the line already drawn. It will be 
found to be a great help if the line be 
first sketched in freehand, in pencil. It 
can then be penciled over neatly, or inked, 
without much difficulty, with the aid of the irregular curve, 
since the original pencil line will show the general direction 
in which the curve should be drawn. Whenever the given 
points are far apart, or fall in such positions that the irreg- 
ular curve cannot always be made to pass through three of 
them, the line must invariably be sketched in at first. 

As an example, let it be required to draw a curved line 
through the points a, 0, c, d, etc., Fig. 18. As just stated, a 
part of the irregular curve must be used which will pass 
through at least three points. With the curve set in the first 
position A, its edge is found to coincide with four points 
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a,b,c,and d. The line may then be drawn from @ around to 
d, or, better, toa point between ¢ and d, since, by not con- 
tinuing it quite to d, there is less liability of there being an 
angle where the next section joinson. For the next section 
of the line, the curve should be adjusted so as to coincide 
with a part of the section already drawn; that is, instead of 
adjusting it to points d, e, f, etc., it should be placed so as to 
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pass through the point c, the part from ¢ tod being coincident 
with the corresponding part of the first line drawn. The 
irregular curve is shown dotted in this position at B. Its edge 
passes through four points c, @, e, and f, and the line should 
be made to stop midway between the last two, as before. 

Now, it will be noticed that the points f and g are so situ- 
ated that the remainder of the line must curve up, instead of 
down, as heretofore, the change in curvature occurring at a 
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point between e¢ and f In this case, therefore, it is not 
necessary for the curve to extend back to e, through which 
point the line has already been drawn, but it may be placed 
in position C with its edge just tangent to the line at the point 
where the curvature changes. 

It is to be noticed that in inking with the irregular curve, 
the blades of the pen must be kept tangent to its edge (i. e., 
the inside flat surface of the blades must have the same 
direction as the curve at the point where the pen touches the 
paper), which requires that the direction of the pen be con- 
tinually changed. 


18. The seale is used for obtaining measurements for 
drawings. ‘The most convenient forms are the usual flat and 
triangular boxwood scales, having beveled edges, each of 
which is graduated for a distance of 12 inches. The beveled 
edges serve to bring the lines of division close to the paper 
when the scale is lying flat, so that the drawing may be 
accurately measured, or distances laid off correctly. The 
use of the graduations on scales will be explained when it is 
necessary to use the scale. 


19. A protractor is shown in Fig. 19. The outer 
edge is a semicircle, with center at QO, and is divided into 
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860 parts. Each division is one-half of one degree, and, for 
convenience, the degrees are numbered from 0° to 180° from 
39-3 


18 GEOMETRICAL DRAWING § 13 


both A and B. The protractor is used for laying off or 
measuring angles. Protractors are often made of metal, 
in which case the central part is cut away to make the 
drawing under it visible. When using the protractor, it 
must be placed so that the line OZ, Fig. 19, will coin- 
cide with the line forming one side of the angle to be laid 
off or measured, and the center O must be at the vertex of 
the angle. 
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For example, let it be required to draw a line through 
the point C, making an angle of 54° with the line £F, 
Fig. 20. Place the protractor upon the line AF, as just 
described, with the center O upon the point C. With a 
sharp-pointed pencil, make a mark on the paper at the 
54° division, as indicated at D. A line drawn through C 
and PD will then make an angle of 54° with A/. Greater 
exactness will be secured if the line &/ be extended to 
the left, so that both zero marks (A and JS, Fig. 19) can 
be placed on the line. This should always be done when 
possible. 


LETTERING 


20. In mechanical drawing, all headings, explanatory 
matter, and dimensions should be neatly printed on the 
drawing. Ordinary script writing is not permissible. 
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It is usually difficult for beginners to letter well, and 
unless the student is skilful at it, he should devote some 
time to practicing lettering before commencing the drawing. 
In correcting the plates, the lettering will be considered as 
well as the drawing. Many students think that it is only 
necessary to exercise special care when drawing the views 
on a plate, and that it is not necessary to take particular 
pains in lettering. This, however, is not the case, for, no 
matter how well the views may be drawn, if the lettering is 
poorly done, the finished drawing will not have a neat appear- 
ance. In fact, generally speaking, more time is required to 
make well-executed letters than to make well-executed draw- 
ings of objects. We earnestly request the student to prac- 
tice lettering, and not to think that that part of the work is 
of no importance. The student should not be too hasty in 
doing the lettering. It takes an experienced draftsman con- 
siderable time to do good lettering, and no draftsman can 
perform this work as quickly as he can ordinary writing; 
therefore, no beginner should attempt to do what experi- 
enced draftsmen cannot do. In order to letter well, the 
work must be done slowly. Very frequently more time 
is spent in lettering a drawing than in inking in the 
objects represented. Instructions will be given in two 
styles of freehand lettering, both extensively used in Ameri- 
can drafting rooms. 

With the exception of the large headings or titles of the 
plates, the style and size of all lettering used on the original 
drawing plates of this Course are shown in Fig. 21. This 
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FIG. 21 


style, although a little more elaborate and difficult in execu- 
tion, was selected on account of its greater neatness and 
legibleness. The two styles are very similar in the forma- 
tion of the letters, and although the student is advised to 
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select and use only one of the two on his drawings in this 
Course, he will find, after having mastered one of the styles, 
little difficulty in practicing the other. 

When lettering, a Gillott’s No. 303 pen should be used. 
The height of the capital letters should be 8,"’, and of 
the small letters two-thirds of this, or #,”. This applies 
to both styles of freehand lettering. Do not make them 
larger than this. 


21. Before beginning to letter, horizontal guide lines 
should be drawn with the T square, to serve as a guide for 
the tops and bottoms of the letters (see Fig. 22). The out- 

Nae tea eres ieniveuuen! side’ lines“should be- 3. sapart 
Mechanital jkechanicat” for the capitals, Daa ies two 

Sa ; lower lines };" apart for the 
small letters. The letters should be made to extend fully 
up to the top, and down to the bottom, guide lines. They 
must not fall short of the guide lines, nor extend beyond 
them. Failure to observe this point will cause the lettering 
to look ragged, as in the second word in Fig. 22. 


22. It is very important that all the letters have the 
same inclination. For example, by referring to Fig. 23 (a), 
it will be seen that the backs of 
letters like B, FZ, /, g, d, 2, t, etc. BEIGE: LMAURG 
are parallel and slant he same EE ah) 
way. This is also true of both sides of letters like 17, 1, 
n,u, h, y, etc. To aid in keeping the slant uniform, draw 

parallel slanting lines 

across the guide lines 
WSR eric with the 60° triangle, 
as in Fig. 23 (0), and, 
in lettering, make the 
backs or sides of the 
letters parallel with 
these lines. 


i fal Lara ale 


UII LF 


FIG. 23 (0) 


23. <A few points 
regarding the construction of the letters are illustrated in 
Fig. 24, in which the letters are shown upon an enlarged 
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scale. The capital letters A, V, Y, MW, and W must be 
printed so that their general inclination will be the same 
as for the other letters. To print the A, draw the center 
line ad, having the common slant; from a ee the sides ac 
and @é, so that points ¢ and 6 el each be ;3;" distant from 
point d@. The side ad will be nearly es St to the 
guide lines. The V is like an inverted A, and is drawn in 
the same way, the line 4d being nearly perpendicular. 

To make the Y, draw the center line ad, having the com- 
mon slant, which gives the slant for the base of the letter. 
The upper part of the Y begins a little below its center, and 
is similar to the I’, though somewhat narrower, as the letter 
should be only 7; wide at the top. Points 6 and ¢ should 
be at equal distances from point a. 

The two sides dc and ef of the JZ are parallel, and have 
the common slant. The J/ is made as broad as it is high, 
or 3. Having drawn ; 
the two sides, mark the Ay Y NA WAZ : 
point d, midway between ,4 ee Pt me lie Sa a 
the points c and /, and Vruhlt 2nAwW se 
connect it with points 4 “ 
andes, sDhe:lines Oia and, “<< 22,499 rrr ap ifs 
ead should be slightly 
curved, as shown. 

In the W the two outside lines are not parallel, as in the 
M, but are farther apart at the top than at the bottom. 
Draw the line ad, having the common slant. Mark points 6 
and c, which are exactly 3," from the pointa. From éande, 
draw lines 62 andcd. The other half of the W is like the 
first part, cf being parallel to )dand ef parallel tocd. It 
et be seen that the W is composed of two narrow I’s, each 

js" wide, the width of the whole letter being 4”. 
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24. Capital letters like P, Rk, B, L, £, etc. should be 
printed so that their top and bottom lines will be exactly 
horizontal. his is illustrated in the two examples of the 
word problem in Fig. 24. In the first example, it will be 
noticed that the tops of the Pand &, the bottom of the LZ, 
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and the topsand bottoms of the B and £, all runin the same 
direction as the guide lines, and coincide with them. In the 
second example, these lines are not horizontal, which makes 
the word look very uneven. It is also to be noticed that 
these lines extend beyond the upright lines in the first 
word, and that cross-lines are used on the bottom of the 
P and R, on the top’of the Z, and on the 17. .~In the 
second word, these lines are omitted at the points indicated 
by the arrows. These features are found on most of the 
other capitals. 

The small letters 2, u, 2, 7, 2, etc. should have sharp cor- 
ners at the points indicated by the arrows in Fig. 24. They 
look much better that way, and are less difficult to make, 
than when they have round corners. Following these letters 
are five groups of letters containing a, u, 7, g,and7. The 
first letter of each group is printed correctly, while the letters 
following show ways in which they should zo¢t be printed. 
In the case of the g, point 2 should fall in a slanting direction 
under point 7, the slant being the same as ad of the pre- 
ceding letters. The difference between d and 0 and the con- 
struction of the s are also shown in the same figure. The 0 
should be made rounding at the point indicated. As a 
guide in making the s, draw the two lines a@ and cd, 
having the common slant. The s should now be drawn 
so that it will touch these lines at points 7, 3, and 4, but 
not at point 2. It will be an additional help if the line ex 
is also drawn as a guide for the middle portion of the s; 
but care should be taken not to have it slant more than 
shown in the copy. 

The letters a, 0, b, g, etc. should be full and round; do not 
cramp them. It will be necessary to follow the copy closely 
until familiar with it. Notice that the figures are not made 
as in writing, particularly the 6, 4, 8, and 9 (see Fig. 21). 
Try to space the letters evenly. Letter in pencil first, and, 
if not right, erase and try again. 


25. Another style of freehand lettering is shown in 
Fig. 25. This style is extensively used for the lettering of 
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working drawings. It is more easily and rapidly made than 
the style previously described, and although not productive 


ABCOLFGHISALMNOPQRSTUVWKYZ 
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of as high degree of neatness in appearance will be found 
very useful and acceptable for general office work. 

A comparison between the two systems will disclose a great 
similarity in the detail formation of the letters. 


26. The horizontal and slanting guide lines are drawn 
exactly in the same man- 
ner as for the style previ- 
ously described, and if 
not followed, the results will be similar. See the uneven 
appearance of the second word in Fig. 26. 


Horlzonial Hor/szorra/ 
FIG. 26 


2%. By studying the formation of the letters carefully, 
it vill be found that many of them are formed on the same 
principle, as shown in Fig. 27. 


GD dP Go The ovals: of “the: letters a, 0, d, 
Cae &, fp, and g are formed exactly alike 
ee and have a slant of 45° with the 

CEPT ST A / horizontal. These ovals should be 
made a little wider at the top than 

ae cay, at the bottom. Care should be 
Th, iia taken that the straight downward 
strokes are made parallel to the 
slanting guide lines. The letters c 
and ¢ are commenced in the same way, but the upper loop 
in ¢ should be formed in such a manner that its axis will be 
at an angle of 45° with the horizontal. The 7 is made by 
having the down stroke parallel to the slanting guide line 


FIG. 27 
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and the up stroke slightly curved in the same way as in the 
letter x (see Fig. 27). The strokes in the letters 7 and / 
are the same, with the position of the hook part reversed. 


28. The capital letters shown in Fig. 28 are formed very 
nearly in the same manner as those shown in Art. 23, but 
differ slightly by omitting the short spurs that give to the 
letters a more finished appearance. 

In the capital J/, however, there is a decided variation. 
The J/ is made with four strokes, putting in the parallel 
sides first. The two other strokes should join midway 


TA Vn WA 
Wa Mou VEVY/ 


FIG. 28 


between these sides and at a distance from the top of 
about 4 of the height of the letter. These strokes, as will be 
seen, are straight and not curved. 


29. The numerals should be 3," high and of the style 
shown in Fig. 25; fractions should be }” high over all. In 


ee OVA EC) 


FIG. 29 


Fig. 29 the numerals are illustrated to a larger scale, anda 
comparison with the style shown in Fig. 21 will disclose 
several variations. 

The loops of the 2, 3, 5, 6, and 9 should be formed so that 
their axes will beat an angle of 45° with the horizontal. It 
will be noted that the 7 differs widely from the style shown 
in Fig. 21, the down stroke not curving but having a straight 
slant of 45°. The axis of the 0 and the loops of the 8 should 
slant at an angle of 60°. 
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Diligent practice for a short time and careful observation 
of the forms of letters and numerals, as shown in Figs. 21-29, 
will soon enable the student to acquire skill and speed in 
this branch of drawing. 


30. The alphabet shown in Fig. 30, called the block 
letter, is to be used for the large headingsor titles of plates, 
as shown on the copy plates. This alphabet is of to be 
used on the first five geometrical drawing plates. The let- 
ters and figures are to be made 4” high and 2” wide, 
except JZ, which is ;5,’’ wide, and W, which is ar wide. 
The thickness of all the lines forming the letters is #,”, 
measured horizontally. The distance between any two 
letters of a word is 7%’, except where A follows P or F; 


ABCOEFGHIJ 
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1234567880 


FIG, 30 


where V, W, or Y follows L; where / follows /, P, 7, V, W, 
or Y: where 7 and A are adjacent, or A and V, W, or Y 
are adjacent; in this case, the bottom extremity of A and 
the top extremity of P, 7, V, W are in the same vertical 
line, etc. 

Since these letters are composed of straight lines, they 
can be made with the Tsquare and triangle. In lettering 
the title of the drawing plates, the student should draw 
six horizontal lines ;1,"" apart in lead pencil, to represent the 
thickness of the letters at the top, center, and bottom; 
then, by use of the triangle, he should draw in the width of 
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the letters and the spaces between them in lead pencil. 
Having the letters all laid out, he can very easily ink them 
in. Use the ruling pen for inking in the straight outlines 
of the letters, and the lettering pen for rounding the corners 
and filling in between the outlines. It is well to ink in all 
the perpendicular lines first, next the horizontal lines, and 
then the oblique lines. 


PLATES 


31. Preliminary Directions.—The size of each plate 
over all will be 14” x 18”, having a border line $” from each 
edge all around, thus making the size of the space on which 
the drawing is to be made13” x 17”. The sheet itself must 
be larger than this when first placed upon the board, so that 
the thumbtack holes may be cut out; the extra margin is 
also very convenient for testing the pen, in order to see 
whether the ink is flowing well and whether the lines are of 
the proper thickness. 


32. The first five plates will consist of practical geo- 
metrical problems which constantly arise in practice when 
making drawings. The method of solving every one of 
these problems should be carefully memorized, so that they 
can be instantly applied when the occasion requires, without 
being obliged to refer to the text for help. Particular 
attention should be paid to the lettering. Whenever any 
dimensions are specified, they should be laid off as accu- 
rately as possible. All drawings should be made as neat as 
possible, and the penciling entirely finished before inking in 
any part of it. Great care should be taken in distributing 
the different views, parts, details, etc. on the drawing, so 
that when the drawing is completed, one view will not be 
so near to another as to mar the appearance of the drawing. 
The hands should be perfectly clean, and should not touch 
the paper except when necessary. No lines should be 
erased except when adsolutely necessary; for, whenever a 
line has once been erased, the dirt flying around in the air 
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and constantly falling on the drawing will stick to any spot 
where an erasure has been made, and it is then very difficult, 
if not impossible, to entirely remove it. For this reason, all 
construction lines that are to be removed, or that are liable 
to be changed, should be drawn lightly, that the finish of 
the paper may not be destroyed when erasing them. When 
it is found necessary to erase an ink blot or a line that has 
been inked in, only an znk eraser or sand rubber should be 
used. After the erasure has been made, the roughened 
part of the surface of the paper can be smoothed by 
rubbing with some hard, smooth substance, as a piece of 
ivory or the handle of a knife. 


PLATE I 


33. Fasten a sheet of drawing paper to the board, as 
previously described, and draw the outlines of the size of 
the plate 14” x 18". Draw. the border line all around }$” 
from the edge of the outline, leaving the space inside for 
the drawing 13” x 17”. When the word drawing is used 
hereafter, it refers only to the space inside the border lines 
and the objects drawn upon it. Remove the folded sheet 
at the end of this Paper, and spread it open, so as to keep 
it constantly before the eye. On it is drawn Plate I toa 
reduced scale. Divide the drawing into two equal parts by 
means of a faint horizontal line. This line is shown dotted 
in Plate I. Divide each of these halves into three equal 
parts, as shown by the dotted lines; this divides the draw- 
ing into six rectangular spaces. These division lines are 
not to be inked in, but must be erased when the plate ts 
completed. On the first five plates, space for the lettering 
must be taken into account. For each of the six equal 
spaces, the lettering will take up one or two lines. The 
height of all capital letters on these plates will be 3%", 
and of the small letters 2 of this, or js". The distance 
between any two lines of lettering will also be 3%)". The 
‘distance between the tops of the letters on the first line 
of lettering and the top line of the equal divisions of 
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the drawing is to be}; and the space between the bottoms 
of the letters and the topmost point of the figure repre- 
sented on the drawing within one of these six divisions 
must also be not less than }’. This makes a very neat 
arrangement, if the figure is so placed that the outermost 
points of the bounding lines are equally distant from the 
sides of one of the equal rectangular spaces. Consequently, 
if there is one line of lettering, no point of the figure 
drawn should come nearer than }” 4+ 23’’+ } = 1,3,” to 
the top line of the space within which it is represented; or, 
if there are two lines of lettering, nearer than 4" + 3," 
+ 3p -+ y+ $”= 1%". The letter heading for each figure 
on the first five plates will be printed in heavy-faced type 
at the beginning of the directions explaining each prob- 
lem. The student must judge for himself by the length 
of the heading whether it will take up one line or two, 
and make due allowance for the space it takes up. This 
is a necessary precaution, because the lettering should 
never be done until the rest of the drawing is entirely 
finished and inked in. 


ProspiEeM 1.—To bisect a straight line. 
See Fig. 31; also 1 of Plate I. 


Construction. — Draw a straight line AB, 32" long. 
With one extremity A as a center, and a radius greater than 
one-half of the length of 
the line, describe an arc 
of a circle on each side of 
the given line; with the 
other extremity 4 as a 
center, and the same ra- 
dius, describe arcs inter- 
secting the first two in the 
points C and D. Join C 
and D by the line CD, 
and the point P, where it 
intersects A B, will be the 
required point; that is, d P= PB, and Pis the middle point 


Fic. 31 


$13 GEOMETRICAL DRAWING 29 


of AB. Since CD is perpendicular to A B, this construc- 
tion also gives a perpendicular toa straight line at its middle 
point. 


PROBLEM 2.—To draw a perpendicular to a straight 
line from a given point in that line. 
Nore.—As there are two cases of this problem, requiring two figures 


on the plate, the line of letters will be run clear across both figures, as 
shown in Plate I. 


Case I.—When the point ts at or near the center of the line. 
See Fig. 82; also 2, Case I, 
Oroklite i; 


Construction. — Draw 
Ab oe" long. Let P be 
the given point. With P 
asacenter, and any radius, 
as PD, describe two short 
arcs cutting AZ in the 
points C and D. With C Hie 
and YD as centers, and any convenient radius greater 
than PD, describe two arcs intersecting in &. Draw PE£, 
and it will be perpendicular to A B at the point P. 


Case I1.— When the point ts near the end of the line. See 
Bigwoosals0s2. Caselli: 
ofPlate. L 

Draw AB 3h" long. 
Take the given point P 
about 2” from the end 
of the line. With any 
point O as acenter, and 
a radius O P, describe an 
are rCutiing? ¢Aaee. ee 
and D. Draw DO, and 
prolong it until it in- 
tersects the arc in the 
point C. A line drawn through C and P will be perpen- 
dicular to A & at the point P. 


FIG. 33 


ee) 
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Prosiem 3.—To draw a perpendicular to a straight 
line from a point without it. 
Asin Problem 2, there are two cases. 


Case I.— When the point lies nearly over the center of the 
line. See Fig. 34; also 3, Case I, of Plate I. 

Construction.—Draw A B 34" long. Let P be the given 
point. With P as a cen- 
ter, and any radius PD 
greater than the distance 
from. to A 5, describe 
an are-cutting A Bain C. 
ang Ds With=C sande?) 
as centers, and any con- 
venient radius, describe 
short arcs intersecting 
in &. A _ line’ drawn 
through P and & will be 

FIG. 34 perpendicularto AL at &. 

Case I1.—When the point lies nearly over one end of the 
line. see. Fig 35* also 3,,Case [lof Plates, 

Draw A & 3h" long, and 
let P be the given point. 
With any point C on the 
line A & as a center, and 
the distance C Pasa radi- 
us, describe an arc PE D 
cutting d Bin &. WithZz 
as a center, and the dis- 
tance &P as a radius, ; 
describe an arc cutting LCR ‘D 
the arc PLD in D. The line joining the points P and D 
will be perpendicular to A B. 


P 


PRoBLEM 4.—Through a given point, to draw a straight 
line parallel to a given straight line. 


“See Fig. 36; also-4 of Plate I. 


Construction.—Let P be the given point, and A B the 
given straight line 34" long. With P as a center, and any 
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convenient radius, describe an arc CD intersecting AB 
in D. With D as a center, and the same radius, describe 
the arc PE. With Dasa center, and a radius equal to the 
chord of the arc P£, describe an arc intersecting C Din C. 
A straight line drawn 

through P and C will be af o 
parallel to A B. 


34. These four prob- 
lems form PlateI. They 
should be carefully and a = : B 
accurately drawn in with wae fer 
lead-pencil lines and then 
inked in. It will be noticed that on Plate I, and Figs. 31 
to 36, the given lines are “ght, the required lines heavy, 
and the construction lines, which in a practical working 
drawing would be left out, are light dotted. This system 
must also be followed in the four plates which are to follow. 
A single glance enables one to see at once the reason for 
drawing the figure, and the eye is directed immediately to 
the required line. 

In the first five plates, accuracy and neatness are the main 
things to be looked out for. The student should be certain 
that the lines are of precisely the length that is specified in 
the description. When drawing a line through two points, 
be sure that the line goes through the points; if it does not 
pass exactly through the points, erase it and draw it over 
again. Ifa lineis supposed to endat some particular point, 
make it end there—do not let it extend beyond or fall short. 
Thus, in Fig. 36, if the line PC does not pass through the 
points Pand C, it is not parallelto A B. By paying careful 
attention to these points, the student saves himself a great 
deal of trouble in the future. Do not hurry your work. 

First ink in all of the light lines and light dotted lines 
(which have the same thickness); then ink in the heavy 
required lines after the pen has been readjusted. Now do 
the lettering (first read carefully the paragraphs under the 
head ‘‘ Lettering ”), and finally draw the heavy border lines, 
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which should be thicker than any other line on the drawing. 
The word ‘‘ Plate” and its number should be printed at the 
top of the sheet, outside the border lines, and midway of its 
length, as shown. The student’s name, followed by the 
words: Glass “-and.*‘ No.;”.and after this: his) Course letter 
and class number should be printed-in the lower right-hand 
corner below the border line, as shown. Thus, John Smith, 
Class No. C 4529. The date on which the drawing was 
completed should be placed in the lower left-hand corner, 
below the border line. All of thts lettering ts to be in capt- 
tals 35" high. Erase the division lines, and clean the draw- 
ing by rubbing very gently with the eraser. Care must be 
exercised when doing this, or the inked lines will also be 
erased. It is best to use a so-called ‘‘Sponge Rubber ” for 
this purpose, as it will not injure the inked lines. J// any 
part of a line has been erased or weakened, it must be redrawn. 
Then write with the lead pencil your name and address in 
full on the back of your drawing, after which put your 
drawing in the empty tube which was sent you, and send it 
to the Schools. 


HINTS FOR PLATE I 


35. Donot forget to make a distinction between the width 
of the given and required lines, nor forget to make the con- 
struction lines dotted. 

When drawing dotted lines, take pains to have the dots and 
spaces uniform in length. Make the dots about #," long and 
the spaces only about one-third the length of the dots. 

Try to get the work accurate. The constructions must be 
accurate, and all lines or figures should be drawn of the length 
or size previously stated. To this end, work carefully and 
keep the pencil leads very sharp, so that the lines will be fine. 

The lettering on the first few plates, as well as on the succeed- 
ing plates, is fully as important as the drawing, and should be 
‘done in the neatest possible manner. Drawings sent in for 


correction with the lettering omitted will be returned for 
completion. ; 
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The reference letters like A, B, C, etc., as shown in Fig. 81, 
are not to be put on the plates. 

Do not neglect to trim the plates to the required size. Do 
not punch large holes in the paper with the dividers or com- 
passes. Remember that the division lines are to be eraseda— 
not inked tn. 


PLATE II 


36. Draw the division lines in the same manner as 
described for Plate I. The following five problems (5 to 9, 
inclusive) are to be drawn in regular order, as was done in 
Plate I, with problems from 1 to 4. The letter headings are 
given in heavy-faced type after the problem number. 


ProsLEeM 5.—To bisect a given angle.* 

Case I.—|Vhen the sides intersect within the limits of the 
drawing. See Fig. 87. F 

ConstTrRucTION. — Let 
AQOBS be the angle to be 
bisected. Draw the sides 
OA and OB 38$" long. With 
the vertex O as a center, 
and any convenient radius, 
describe an arc D£ inter- 
secting OA at D and OL 
ate WithY and as erbt B 
centers, and a radius greater 
than the chord of half the arc DF, describe two arcs inter- 
secting at C. The line drawn through Cand OQ will bisect 
theanele- that is, dOC= COL. 

Case Il.—When the sides do not intersect within the limits 
of the drawing. See Fig. 38. 

Construction.—Draw two lines, 4 B and CD, each 3}" 
long, and inclined towards each other as shown. With any 


* Since the letter heading in this problem is very short, it will be 
better to place it over each of the two cases separately, instead of run- 
ning it over the division line, as was done with the long headings of the 
two cases in Plate I. Put Case I and Case II under the heading, as in 
the previous plate. 


39—4 
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point & on CD as a center and any convenient radius, 
describe arc //GH; with G asacenter and same radius, 


describe arc 7L# F, intersecting (F/G Hin Hand. With 


L asa center and same radius, describe are K G/; with /as 


a center and same radius, describe arc / £ K, intersecting 
KG/J/inkKand /. Draw HF and/ K; they intersect at O, 
a point on the bisecting line. With O asa center and the 
same or any convenient radius, describe an arc intersecting 

ABandC Din Mand N. With Wand WX as centers and 
any radius greater than one-half (7, describe arcs inter- 


secting at P. A line drawn through O and F is the required 
bisecting line. 


PROBLEM 6.—To divide a given straight line into any 
required number of equal parts. 


oe See Fig. 39 (a). 

. Be Construction. —A B is 
re \ \ the given line 37," long. It 

a" eel is required to divide it into 

es \ \ : \ eight equal parts. Through 

Bae ‘ \ : Noe One extremity A of the line, 

47k POT a a BCs draw an indefinite straight 

FIG. 39 (a) 


line A C, making any angle 

with A &. Set the dividers 
to any convenient distance, and space off eight equal divi- 
sions on d'C, ask, os, Vor ctc. 


Join C and & by the 
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straight line C B, and through the points D, £, F, G, ete. 
draw lines DL, EM, etc. parallel to CB, by using the two 
triangles; these parallels intersect A B in the points L, M,N, 
etc., which are equally distant apart. The spaces Z M7, ZN, 
N O, ete. are each equal tot A B. Proceed in a similar way 
for any number of equal parts into which AB is to be 
divided. 

Another method is shown in Fig. 39 (6). Draw A Bas 
before, and erect the perpendicular BC. Now divide the 
length of A B by the number denoting the number of equal 
parts into which A JZ is to be divided, obtaining, in this case, 
3g, +8 = 3". As A Cis , 
longer than AL, the equal pes 
divisions A K, KJ, etc. are 
longer than 4c/--7-R, “etc. 
and may be made any con- a 
venient length greater than ret 
p82 inthiscase, a! 1S. 40. 
the most convenient frac- 
tion nearest to and greater 
than ,5°,"; hence, consider AK, Ks, etc. to be each 4 
length, thus making the length of dC 8 x 4” =4”". WithA 
as a center and a radius equal to 4”, describe an arc cut- 
ting BC in C, and draw AC. Then with a scale lay cff 
Vohee i= etc. — +4, and project K, /, 77, etcy pond BZ; 
in 7, R, P, etc., the required points. The advantage of this 
method over the other is that the T square and triangle can 
be used throughout, thus making it very much easier to 
draw the parallels DL, EM, etc. 

The student, when drawing this plate, is at liberty to use 


either of the two methods given in this problem. 


Q 
x 
my 
i! 
N 
\ 
x 
\ 


fF ~---~----. 


 aiiinieieiedee 
fox ae tes Ee EN 
x 


= 

x 

| Se aS PANT 
a 


0) 
Fic. 39 (0) 


? 


eal 


PropitEM %.—To draw a straight line through any 
given poiat on a given straight line to make any 
required angle with that line. 

Constructrion.—In Fig. 40, A B is the given line 3” long, 
Pis the given point, and HOF is the given angle. With 
the vertex O as acenter, and any convenient radius, describe 
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anarc EF cutting OL and OF in Hand Ff. With Pas a 
center, and the same 
\E P ; 

radius, describe an 

a arc CD. With Das 

a center, and a radius 

equal to the chord of 
the arc & F, describe 
an arc cutting CD 
inC. A line drawn 
through the points P 


and C will make an 
angle with A B equal to the angle O, or CPD = EOF, 


PROBLEM 8.—To draw an equi- Oz 
lateral triangle, one side being vN 
given. 

Construction.—In Fig. 41, Ad Bis 
the given side 24” long. With AB 
as a radius, and A and # as centers, 
describe two arcs intersecting in C. 
Draw C-A and ¢ 2, and CA Bis an“ 


equilateral triangle. Fic. 41 


Fic, 40 


PROBLEM 9.—The altitude of an equilateral triangle 
being given, to draw the triangle. 

ConsTrucTion.—In Fig. 42, A B is the altitude 24” long. 
Through the extremities of A 4 draw the parallel lines C_D 
Co. B yp and &F perpendicular to 

AS. With £asa center, and 
any convenient radius, de- 
scribe the semicircle CH K D 
intersecting C Din C and D. 
With C and D as centers, 
and the same radius, describe 

Wi arcs cutting the semicircle 

FIG. 42 inffand K. Draw BH and 

B K, and prolong them to meet EF in FE and F BE Fis 
the required equilateral triangle. 

This problem finishes Plate II. The directions for inking 
in, lettering, etc. are the same as for Plate I. 


7A) 
i 
Oo 
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PLATE III 


3%. This plate is to be divided up like Plates I and II, 
and the six following prob- 
lems are to be drawn in a 
similar manner: 


PRonrew 102 Tw o 
sides and the included 
angle ofa triangle being 
given, to construct the 
triangle. 


ConstTrRuctTion.—In Fig. 
43, make the given sides 
M N 24" long and PQ 14" 
long. Let O be the given angle. Draw A A, and make it 
equal in length to PQ. Make the angle CBA equal to the 
given angle O, and make C B# equal in length to the line 7 NV. 
Draw C A, and CA B is the required triangle. 


Fic. 43 


PROBLEM 11.—To draw a parallelogram when the sides 
and one of the angles are given. 


Construction.—In Fig. 44, make the given sides NV 
21” long and PQ 1” long. Let O be the given angle. 
Draw A Bequal to WN, 


rs Ag and draw SC, making 

© an angle with 4 Z equal 

= \ to the given angle O. 

: Make BC equal to PQ. 

5 O With C as a center, and 


a radius equal to J7 J, 
a sai describe an arc at D. 
With A asa center, and 
a. tadius equal to- 2/0, 
describe an arc inter- 
secting the other arc in D. Draw AD and CD, and 
ABCD is the required parallelogram, 


D re eet 


Fic. 44 
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PROBLEM 12.—An are and its radius being given, to 


find the center. 


Construction.—In Fig. 45, A C DB is the arc, and 7 XN, 

o 12" long, is the radius. With 

< MN as a radius, and any 

A p point € in the given arcvasia 
* center, describe an are at O: 

With any other point Din the 

given arc as a center, and the 


“Oo 
mM 


N 


same radius, describe an arc 
intersecting the first in O. 


Fic. 45 O is the required center. 


ProspLtEM 13.—To pass a circumference through any 
three points not in the same straight line. 


Construction.—In Fig. 46, A, &, and C are the given 


points. With A and Z& as centers, and 
any convenient radius, describe arcs in- 
tersecting each other in K and /. With 
Band C as centers, and any convenient 
radius, describe arcs intersecting each 
other in D and &. Through J and K 
and threugh J and #&, draw lines inter- 
secting at O. With O asa center, and 
OA as a radius, describea circle: it will 
pass through A, B, and C. 


\/P 


FIG. 46 


PROBLEM 14.—To inscribe 


A 


diameter. 


D 


<r 


Fic. 47 


circle 


a square in a given circle. 
ConsrrucTion.—In Fig. 47, 
the jewels 2A C1) iste ain 
Draw two diam- 
peters, AC and JB, at riaht 
angles to each other. Draw 
the lines: 4, BC GD and 
D A, joining the points of in- 
tersection of these diameters 
with the circumference of the 
, and they will be the 
sides of the square. 
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PROBLEM 15—To inscribe a regular hexagon ina given 
circle. 


Construction.—In Fig. 48, from O as a center, with the 
dividers set to 1%’, describe 
the citeles4i Cb P. Draw 
the diameter D O A, and from 
the points ) and A, with the 
dividers set equal to the radius 
of the circle, describe arcs in- 
tersecting the circle at ZC, F, 
and 4. Join these points by 
straight lines, and they will 
form the sides of the hexa- 
gon. This problem completes 
Plate III. Fic. 48 


PLATE IV 


38. The first four problems on this plate are more diffi- 
cult than any on the preceding plates and will require very 
careful construction. All the sides of each polygon must be 
of exactly the same length, so that they will space around 
evenly with the dividers. The figures should not be inked 
in until the pencil construc- 


A 
tion is done accurately. The 
preliminary directions for this 
plate are the same as for the 

H © preceding ones. 
D B PROBLEM 16.—To inscribe 


a regular pentagon in a 
given circle. 
Construction. —In Fig. 49, 
OSS a ee ee from O as a center, with the 
a dividers set to 1", describe 
eae the circle Ad BCD. Draw the 
two diameters A C and D # at right angles to each other. 
Bisect one of the radii,as O B, at 7. With / as a center, 
and JA asa radius, describe the arc 4 / cutting DO at / 
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With A as a center, and A / asa radius, describe an arc / 1 
cutting the circumference at 7. The chord A / is one side 


of the pentagon. 


Pros_LeEM 17.—To inscribe a regular octagon in a given 

circle. 

Consrruction.—In Fig. 50, from O as a center, with the 
compasses set to 1}, describe 
the circle ABCDESZG AZ. 
Draw the two diameters A & 
and GC at right angles to each 
other. Bisect one of the four 
equal arcs, as A G at H, and 

° draw the diameter H O D. Bi- 
sect another of the equal arcs, 
as AC at. #. and draw {the 
diameter B OF. Straight lines 
drawn from A to BL, from B 
to C, etc. will-form’ the re- 


’ 
FIG. 50 quired octagon. 


PropLEM 18.—To inscribe a regular polygon of any 
number of sides in a given circle. 


Consrruction.—In Fig. 51, from QO as a center, with the 


compasses set to 1#”, describe the 42" 
circled 7CD. Draw the two diam- ji 
eters D7 and A C at right angles it 

/ i4 p 


to each other. Divide the diam- 
eter D7 into as many equal parts 


aoe ee 


as the polygon has sides (in this i F 
case seven). Prolong the diam- / 

he a A agg he ee ieee Os Sp toca 
eter AC and make 3’A equal to. PK 4-4-3175 7 


three-fourths of the radius O A, 
Through 3’ and 2, the second di- 
vision from Yon the diameter D7, 
draw the line 3’/, cutting the cir- 
cumference at /. Draw the 
chord D /, and it is one side of the required polygon. The 
others may be spaced off around the circumference. 


~~~ 


iS 
24 
iss] 
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Pros_EM 19.—The side of a regular polygon being 
given, to construct the polygon. 


Consrruction.—In Fig. 52, let A C be the given side. If 
the polygon is to have eight sides, the line A C should be, 
for this plate, 14” long. Produce a alee eee 
ACto B. From Cas center, A 
with a radius equal to C A, de- 
scribe the semicircle A 128456 
7B, and divide it into as many 
equal parts as there are sides in 
the required polygon (in this 
case eight). From the point C, y 
and through the second division f sis le wed 
from 4, as 6, draw the straight : 
line+C€ 6, Bisectthe: lines A.C 
and C6 by perpendiculars intersecting in O. From O 
as a center, and with OC as a radius, describe the cir- 
cleCAHGFED6. From C, and through the points 7, 2, 
&, 4, & in the semicircle, draw lines C A, C G, C F, etc., meet- 
ing the circumference. Joining the points 6 and D, PD and 
E, E and F, etc., by straigh{ lines, will complete the required 


polygon. 

PrRoBLEeM 20.—To find an are of a circle having a 
known radius, which shall be equal in length to a 
given straight line. 


¢ 


eee 


Note.—There is no exact 

g, method, but the following 

approximate method is close 

E enough for all practical pur- 

poses, when the required arc 

does not exceed % or the cir- 
cumference. 


ConsTRUCTION.—In 

Bigeos eleteacCabesthe 

given line 3$" long. At 

A, erect the perpendicu- 

lar A O,-and make it 

A ic equal in length to the 
FIG. 53 given radius, say 4’ long. 
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With OA as a radius, and O as a center, describe the 
arc A BE. Divide A C into four equal parts, A D being the 
first of these parts, counting from A. With Das a center, 
and a radius DC, describe the arc CB intersecting d BE 
in B. The length of the arc A B very nearly equals the 
length of the straight line A C. 


PROBLEM 21.—An are of a circle being given, to find a 
straight line of the same length. 


Ds This is also an approximate 

o method, but close enough for 
practical purposes, when the 
arc does not exceed 4 of the 
circumference. 


ss, 


fi 


~. 
—_——" 


ConstrucTion.—In Fig. 54, 
let A B be the given arc; find 
\ the=center Ofof thesvarc sand 

draw the radius O 4. For this 
problem, choose the arc so that 
the radius will not exceed 1?”. At A, draw AC perpen- 
dicular to the radius (and, of course, tangent to the arc). 
Draw the chord A 4, and prolong it to D, sothat d D=4 
the chord A &. -With D as a center, and a radius DB, 
describe the arc BC cutting A Cin C. AC will be*very 
nearly equal to the arc A B. 


Fic. 54 


PLATE V 


39. On this plate there are five problems instead of six. 
It should be divided into six equal parts or divisions, as 
the previous ones. The two right-hand end divisions are 
used to draw in the last figure of Plate V, which is too large 
to put in one division. 


PROBLEM 22.—To draw an egg-shaped oval. 


Consrruction.—In Fig. 55, on the diameter A B, which 
is 23" long, describe a circle A CBG. Through the center O, 
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draw OC perpendicular to AB, cutting the circumfer- 
ence AC4G in C. Draw the straight lines BCF and 
ACE. With Band A as centers, 
and the diameter A B as a radius, 
describe arcs terminating in D 
and //, the points of intersection 
with bF and As. With C asa 
center, and°CD asa radius, -de- 
Sctipenthe arcs) 7. * The curve 
ADH BG is the required oval. 


G 


PROBLEM 23.—-To draw an 
ellipse, the diameters being 
given. The exact method. 


ConstTrucTion.—In Fig. 56, let 
BD, the long diameter, or major 
axis, which is 34" long, and AC, the short diameter, or 
minor axis, which is 2} long, intersect at right angles 
to each other in the center O, sothat DO = OBand AO 
=—OC. With O-as a center, and 0 C as a radius, describe 
a circle; with the same center, and O Das a radius, describe 
another circle. Divide both circles into the same number of 
equal parts, as 1-2, 2-8, etc. This is best done by first 
- dividing the larger circle into the required number of parts, 
beginning at the center line 
AC, and then drawing radial 
lines through the points of 
division on this circle, to the 
center O of the circles, as 
shown in the upper right-hand 
quarter. of the gure. ~ The 
radial lines will divide the 
smaller circle into the same 
number of parts that the larger 
one has been divided into. 
Through the points of division 
on the smaller circle, draw horizontal lines, and, through 
the points of division on the larger circle, draw vertical 
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lines; the points of intersection of these lines are points on 
the ellipse. Thus, the horizontal line 3c and the vertical 
line $c intersecting at ¢ give the point c of the ellipse. 
Trace a curve through the points thus found by placing an 
irregular curve on the drawing in such a manner that one 
of its bounding lines will pass through three or more points, 
judging with the eye whether the curve so traced bulges 
out too much or is too flat. Then adjust the curve again, 
so that its bounding line will pass through several more 
points, and so on, until the curve is completed. Care 
should be taken to make all changes in curvature as gradual 
as possible, and all curves drawn in this manner should be 
drawn in pencil before being inked in. It requires con- 
siderable practice to be able to draw a good curved line in 
this manner by means of an irregular curve, and the general 
appearance of a curve thus drawn depends a great deal upon 
the student’s taste and the accuracy of his eye. 


PROBLEM 24.—To draw an ellipse by circular ares. 


This is: not a-true 
ellipse, » but. Ashivery 
convenient for many 
purposes. 


ConsTRUCTION. —In 
Fig. 57, use the same 
dimensions as before. 
Onthe major axis A B, 
set off A4¢=C D, the 
minor axis, and divide 
ab into three equal 
parts. | With sOcasea 
center, and “a sradins 
equal to the length of 
two of these parts, describe arcs cutting A Bind and a’. 
Upon dd’ as a side, construct two equilateral triangles dd d' 
and dd'd'. With dasa center, and a radius equal to dD, 
describe the arc ¢ Df intersecting bd f and ba' gin fand g. 
With the same radius, and 0’ as a center, describe the arcc Ce 
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intersecting 6'd'c and 6'de in c and e. With A and Bas 
centers, and a radius equal to the chord of the arcs Acor 
Be, describe arcs cutting A B very near tod’ andd. From 
the points of intersection of these arcs with A B as centers, 
and the same radius, describe the arcsc A gande BS 


PROBLEM 25.—To draw a parabola, the axis and long- 
est double ordinate being given. 


EXPLANATION.—The curve shown in Fig. 58 is called a 
parabola. This curve and the ellipse are the bounding 
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FIG. 58 


lines of certain sections of acone. The line O A, which 
bisects the area included between the curve and the line BC, 
is called the axis. Any line, 2A or A C, drawn perpendic- 
ular to O A, and whose ijength is included between O A and 
the curve, is called an ordinate. Any line, as & C, both of 
whose extremities rest on the curve, and is perpendicular to 
the axis, is called a double ordinate. The point O is 
called the vertex. 


ConstTrucTion.—Make the axis O A equal to 3}, and the 
longest double ordinate 4C equal to 3”. AA, of course, 
equals dC. Draw /) # through the other extremity of the 
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axis ard perpendicular to it, also draw BD and CE par- 
allel to OA and intersecting DZ in Dand £. Divide DB 
and A B into the same number of equal parts, as shown (in 
this case six); through the vertex O, draw O 1, O 2, etc. to 
the points of division on D &, and through the corresponding 
points 7, 2, etc., on A B, draw lines parallel to the axis. The 
points of intersection of these lines, a, b,c, etc., are points 
on the curve, through which it may be traced. Ina similar 
manner, draw the lower half Ofg7/C of the curve. 


PRoBLEM 26.—To draw a helix, the pitch and the 
diameter being given. 


EXxPLANATION.—The helix is a curve formed by a point 
moving around the cylinder and at the same time advancing 
along its length a certain distance; this forms the winding 
curved line shown in Fig. 59. The center line A O, drawn 
through the cylinder, is called the axis of the helix, and any 
line perpendicular to the axis and terminated by the helix is 
of the same length, being equal to the radius of the cylin- 
der. The distance 4 12 that the point advances lengthwise 
during one revolution is called the pitch. 


ConstrucTion.—As mentioned before, this figure occupies 
two spaces of the plate. The diameter of the cylinder is 34", 
the pitch is 2”, andaturn and a half of the helix is to be 
snown. The rectangle / LF Dis aside view of the cylin- 
der and therctrele.7' 92’, 32.5 Veter is sa bottoms view aeee 
will be noticed that one-half of a turn of the helix is shown 
dotted; this is because that part of it is on the other side of 
the cylinder, and cannot be seen. Linesthat are hidden are 
drawn dotted. Draw the axis O A in the center of the space. 
Draw 7’ D-3$" long and 4" from the top border line; on it 
construct a rectangle whose height (2= 3". Take the 
center O of the circle 2? below the point H on the axis 4 O, 
and describe a circle having a diameter of 34, equal to the 
diameter of the cylinder. Lay off the pitch from B to 12 
equal to 2’, and divide it into a convenient number of equal 
parts (in this case 12), and divide the circle into the same 
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number of equal parts, beginning at one extremity of the 
diameter 12’ O 6’, drawn parallelto BE. At the point 7’ on 
the circle divisions, erect 1'-1' perpendicular to BE: through 
the point J of the pitch divisions, draw -/' parallel to BL, 
intersecting the perpendicular in 7’, which is a point on the 
helix. Through the point 2’, erect a perpendicular 2'-2" 
intersecting 2-2’ in 2’, which is another point on the helix. 


So proceed until the point 6 is reached; from here on, until 
the point 72 of the helix is reached, the curve will be dotted. 
It will be noticed that the points of division 7’, 8’, 9’, 10’, 
and //' on the circle are directly opposite the points J’, 4’, 
8’, 2', and 1’; hence, it was not necessary to draw the lower 
Half-of the circle, since the point 4’ could have been the 
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starting point, and the operation could have been conducted 
backwards to find the points on the dotted upper half of the 
helix. The other full-curved line of the helix can be drawn 
in exactly the same manner as the first half. 

This ends the subject of practical geometry. Mechan- 
ical drawing, or the representation of objects on plane 
surfaces, will now be commenced. 


THE REPRESENTATION OF OBJECTS 


40. There are five kinds of lines used in mechanical 
drawing, thus: 


The light full line. 


Thedottcdline, Qn aE eae eee 


The broken-anad- 
dotted line. ~ 


DHE DPORCH ULE Foe AS EN SORTS ay SE Te 


The heavy full line. 


The light full line is used the most; it is used for draw- 
ing the outlines of figures, and all other parts that ‘can be 
seen by the eye. 

The dotted line, consisting of a series of very short dashes, 
is used in showing the position and shape of that part of the 
object represented by the drawing which is concealed from 
the eye in the view shown; for example, a hollow prism 
closed on all sides. The hollow part cannot be seen; hence 
its size, shape, and position are represented by dotted lines. 

The broken-and-dotted line, consisting of a long dash, and 
two dots or very short dashes repeated regularly, is used to 
indicate the center lines of the figure or parts of the figure, 
and also to indicate where a section has been taken when a 
sectional viewis shown. ‘This line is sometimes used for con- 
struction lines in geometrical figures. 
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The broken line, consisting of a series of long dashes, is used 
in putting in the dimensions, and serves to prevent the dimen- 
sion lines from being mistaken for lines of the drawing. 

The heavy full lines are made not less than twice as thick 
as the light full lines, and are used for shade lines. 

Further explanations in regard to these lines will be given 
when the necessity for using them arises. 


41. The illustrations in this and the following paragraphs 
should be carefully studied, but the student is not required 
to send in drawings from same. In Fig. 60 is shown a per- 
spective view of a frustum of a pyramid having a rectangu- 
lar base and a hole passing through the center of the frustum. 
This figure represents the D 
frustum as it actually 
appears when the eye of 
the observer is ina certain 
position. The angles at 
woop, Cand ) ate right # 
angles, the hole is round, 
and the sides A Band DC ee F 
are of equal lengths; so 
also are A D and BC; but, if they were measured on the 
drawing, it would be found that their lengths are all differ- 
ent. The same difficulty would be met with in trying to 
measure the angles and edges of the sides dA BY L,LFGC, 
etc. The real length of any line can be found only by a 
person perfectly familiar with perspective drawing, and then 
only with great difficulty. Consequently, this method of 
representing objects is of no use to a patternmaker, car- 
penter, machinist, or engineer, except to show what the 
object looks like. In order to represent the object in such a 
manner that any line or angle can be measured directly, what 
is termed projection drawing, or orthographic prozection, 
is universally employed. In the perspective drawing shown 
in Fig. 60, three sides of the frustum are shown, and the 
other three are hidden; in a projection drawing, but one side 
is usually shown, the other five being hidden. 

39—5 


Cc 
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A line or surface is projected upon a plane, by drawing 
perpendicular lines from points on the line or surface to the 
B plane, and joining them. 

is area Thus, if perpendiculars be 
iets drawn from the extremities of 
| line, as A B, to another line 4, 
H 
| 


| 
| ees : 
| as shown in Fig. 61, that portion 


of HK included between the 
H— K 


C F D feet of these perpendiculars is 

Fic. 61 called the projection of AL 

upon 7K. Thus, C/ is the projection of dB upon A K, 

the point C is the projection of the point A upon // K, and 
the point D is the projection of the point 4 upon HK, 

The projection of any point of A 4, as £, can be found by 
drawing a perpendicular from & to 7 4, and the point where 
this perpendicular intersects 
Hf K isits projection. Inthis 
case, the point /is the projec- 
tion of the point & upon 7K. 

It makes no difference 
whether the line is straight 
or curved—the method of 
finding the projection is exactly the same. See Fig. 62. 

In a similar way, a surface is projected upon a flat surface. 

Thus, it is desired to project the irregular surface addc, 
Fig. 63, upon the flat surfaced BDC. Draw the lines aa’, 
ym 60’ perpendicular to the flat 

surface; join the points a’ 

and 0’, where these perpen- 

diculars intersect the flat 
supa eA BNC A pyea 

straight line a’ d', and a' 0’ 

is the projection of the line 

abupon ABDC. 
In the same way, a'c' is 
found to be the projection 
of ac; c'd', the projection of cd; and d'd', the pro- 
jection of @d. Hence, the projection of the irregular 
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FIG. 68 
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surface abdc upon the flat surface A BDC is the quadri- 
lateral a'd'a'c’. 

The projection of any point, as ¢, is found as before, by 
drawing a perpendicular » 
from the point ¢ to the sur- 
face; thus, e’ is the projection 
of the point ¢ upon the plane 
ae DDG. 

Suppose that the frustum, 
Fie. 60; "were placed ‘on a 
plane surface (a surface per- 
fectly flat, like a surface 
plate), and the outline of the Z- 
bottom were traced by pass- 
ing a pencil along its edges, including the round hole, the 
result would look like Fig. 64, in which the rectangle  /G A 
represents the bottom of the frustum and the circle repre- 
sents the hole. 

The angles and lengths of the sides are exactly the same 
as they are on the frustum itself; a similar drawing could be 
made to represent the top, but it is unnecessary, for the 
reason that the top can be projected on Fig. 64, and both 
objects accomplished in one drawing. Fig. 65 illustrates 
the meaning of the last statement. Here A'S’ is the 
progoetion of the-edge Alb, Figs 607) BC, of (BC, xete. 
a AtEMis the projection, of 

the cacceit ie Bae oleh. 
etc. This drawing shows 
the figure as it would look 

if the eye were directly over 

it. A drawing which rep- 
resents the object as if it 
were resting on a horizontal 
plane, and the observer 

E F’ looking at it from above, 
ges is called a top view, or 

plan. The line of vision is thus perpendicular to the 
faces A BC Dand EF GH of the frustum. The lines A BL, 


—G 


Fr 


Fic. 64 


HH’ 
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BC, etc., EF, /G, etc., and the diameter of the hole, can 
be measured directly. The drawing is not yet complete, 
since it does not show whether the ends and sides are round- 
ing, hollowed out, or flat. For this purpose, two” more 
views are necessary—a ver/1- 
cal projection, or front view, 
commonly called a_ front 
elevation, and a side pro- 
jection, or side view. A 
front view (elevation) is 
drawn by imagining the eye 
to be so situated that the 
observer looks directly at 
the front of the object; in other words, the line of vision 
is parallel to the faces of the frustum. The side looked at 
is then drawn as if it were projected on a vertical plane 
at right angles to the horizontal plane, the vertical plane 
being also parallel to the edges & / and //G of the frustum 
shown in Fig. 60. The drawing would then look like Fig. 66. 
Here the trapezoid A BFE represents the side A BFE of 
the frustum; the altitude of the trapezoid being the same 
as the altitude of the frustum, it can be measured directly. 
The hole cannot be seen when the observer looks at the 
frustum in this position; hence, it is indicated by dotted 
lines. The projections of the lines A B and DC (also, of 
EFand HG, of A Eand D H, andof B Fand C G) coincide. 

To draw the side view (sometimes called a side eleva- 
tion), imagine the frustum to be 
revolved around on its axis 90° to 
the left, and then draw it in pre- 
cisely the same manner as the 
front elevation, by projecting 
the different lines upon a plane 
at right angles to the horizontal 
plane, and perpendicular to the 
edges E Fand HG, that is, par- 
allel to BC and FG. The side elevation would then be 
drawn as shown in Fig. 6%. In this view the lines Ad D 


A B 


FIG, 66 


B Cc 


F G 
FIG. 67 
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and BC (also, EH and FG, DH and CG, and AE and 
B I’) coincide. 


42. In order to show clearly the different views, and to 
guard against one view being mistaken for another, they are 
always arranged on the drawing in a.certain fixed and invari- 
able manner. Fig. 68 shows this method of arrangement. 


m 


FIG. 68 


The plan is drawn first, then the two elevations. It is usu- 
ally immaterial which of these views is drawn first, but the 
general arrangement is as shown. Any departure from this 
method of arrangement should be distinctly specified on the 
drawing in writing, unless the purpose of the draftsman is 
so clearly evident that no explanation is needed. The broken 
and dotted lines are the center lines; they serve to show 
the connection existing between the different views of the 
object, and to indicate axes of cylindrical surfaces of any 
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kind. It will be noticed that, in the plan view, the two 
center lines cross each other at right angles, and that their 
point of intersection O is the center of the circle which rep- 
resents the hole. Whenever a circle is drawn, two center 
lines should also be drawn through its center at right angles 
to each other; this enables any one looking at a drawing to 
instantly locate the center of any circle. This remark also 
applies to ellipses, semicircles etc. 

To draw the frustum as shown in the last figure, either 
the front elevation or the plan is drawn first—whichever 
happens to be more convenient. Suppose the front elevation 
to be drawn first. Draw the vertical center line 7z x; meas- 
ure the altitude of the frustum, and lay it off on this line, 
locating the points 7and KX; through these points, draw the 
lines-4A.5 and #/ perpendicular tow; make =A 7 =e 
= 1.24.8, measured onthe trustunstalsod2 k= i Mee Fe 
measured on the frustum, and draw A Hand BF Lay off 
the radius of the circular hole on both sides of the center 
line #z x, and draw the dotted lines parallel to # 2 through 
the extremities of these radii to represent the hole. The 
front elevation is now complete. To draw the plan, decide 
where the center is to be located on #, and draw the hori- 
zontal center line fg. With the point of intersection O of 
the two center lines as a center, and with a radius equal to 
the radius of the hole, describe a circle. Through the 
points A, L, £, and F, draw indefinite straight lines parallel 
ton. On both sides of the center line / g, lay off on these 
lines DS and SA, equal to} DA, and HR and RE, equal 
toi HE, both DA and HE being measured on the frus- 
tum. Through the points 4, 4, D, and A, draw the lines 
HG, FD Oand 25, and hjointhe pointsma7 sand 
D, & and A, F and B, and G and C by straight lines, 
as shown. The figure thus drawn will be the plan. 

To draw the side elevation, prolong the lines A B and 
fF, and draw the center line ¢v. Lay off, on each side 
of tv, FU and UG equal to} /G, measured on the frus- 
tum, and BX and XC equal to 4 BC, measured on the 
frustum. Join Land F, and C and G, by the straight lines 
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BF and CG, and draw the hole dotted as in the front ele- 
vation. The drawing is now complete. 

The student should have by this time a good idea of how 
simple objects may be represented by the different views 
of a drawing, and can now begin on the next plate. 


DRAWING PLATE, TITLE: PROJECTIONS—I 


43. In making actual drawings of objects when the 
size of the plate is limited, it is usually impossible to divide 
it up into a certain number of parts, as in the case of the 
preceding plates, for the various figures differ widely in 
their sizes. These drawings should be so made that no part 
shall come nearer than 3” to the border line, and the figures 
should be so arranged as to present a pleasing appearance to 
the eye, and not be scattered aimlessly all over the drawing. 

Fig. 1 represents a rectangular prism 2” long, 1}” 
wide, and 3" thick. The prism is represented as if it were 
standing on one of its small ends, with the broad side 
towards the observer. The elevation ABDC is drawn 
first; in this case, it will be a rectangle 2” x 14’. The top 
view, or plan, “ALA is next drawn; this is a rect- 
angle It <x 4">the side AB being the projection of the 
front of the prism, and the side / Z of its back. Lastly, 
the side elevation is drawn; this is another rectangle B & 77 D, 
Weed the side 2) representing the: projection -of the 
front of the prism, and the side ££ corresponding to the 
right-hand end 4 £ of the plan. 

Fig. 2 is a wedge standing on one of its triangular ends. 
It is the rectangle shown in Fig. 1, cut diagonally through 
the corner from & to A on the plan. It will be noticed 
that the two elevations are exactly the same as in Fig. 1, 
the plan showing the difference between the two figures. 

Fig. 3 is another wedge, standing on one of its rectangu- 
lar sides, formed by cutting through the prism, in Fig. 1, 
from A to D. The plan and side elevation are the same as 
in Fig. 1. Here, the front elevation shows the difference 
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between Figs. 1 and 3. The point D of the elevation is 
projected on the plan in the point J, and the point oppo- 
site D, perpendicular to the plane of the paper, is the 
point /7, shown in all of the side elevations. 

Fig. 4 is also a wedge; it is formed by cutting through 
the prism in Fig. 1 from Bto . The front elevation and 
plan are the same as shown in Fig. 1, the side elevation 
being different. The point /7 in the side elevation oppo- 
site D is here projected in the point /7 of the plan; the 
point opposite Cin the front elevation, and opposite /7/ in 
the side elevation, is projected in the point X of the plan, 
the line K // being opposite C DY in the plane of the base. 

Fig. 5 shows a cylinder 1} in diameter and 2” long. 
The side elevation is not given, since all elevations of 
a cylinder whose bases are perpendicular to its axis are 
the same. Either view may be drawn first, according to 
convenience. 

Fig. 6 shows a hexagonal prism 2” long; the distance 
between any two parallel sides is 14”. Inthiscase, the plan 
(a regular hexagon) must be drawn first. It is desired also 
that two of the parallel sides shall be horizontal. To draw 
the plan in this position, with the dimensions given, choose 
the center O of the hexagon; draw-two center lines at right 
angles to each other, as wn and pg. With O as a center, 
and a radius equal to one-half of the distance between two 
parallel sides (14"” x 4= $"), describe acircle. Now, use the 
T square to draw two horizontal lines through the points of 
intersection of this circle with the center line 7 2. By means 
of the T square and 60° triangle, draw A Land C D through O, 
in such a manner that the angles d Og and CO? each 
equal. 60°; this is done by keeping the longer of the two 
short sides of the triangle vertical, and passing the pencil 
along the hypotenuse. Through 4 and //, the points of 
intersection of dA with the two parallel lines, draw EK 
and /7/ G parallel to CD; andthrough / and /, the points of 
intersection of C D with the two parallels, draw /G and K 7 
parallel to A 4. This completes the hexagon, and also the 
plan of the prism. To draw the front elevation, measure 
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off, on the center line mm, the distance / ZL equal to 2", and 
through the points / and Z draw the two horizontal lines S ¢ 
and Rf. Project the points K, /, H, and G upon Se, as 
shown by the dotted lines; and through the points of inter- 
section of these dotted lines with Se, draw the vertical 
lines SR, a6, cd, and ef, thus completing the front eleva- 
tion. To draw the side elevation, extend the lines Se 
and kf, and draw the center line ¢v. Make UW equal 
to 14”, which is equal to the distance between the parallel 
sides, and draw UX and WY; also, 7 Z, the point JZ cor- 
responding to the point A of the plan. 

Fig. 7 represents a hexagonal pyramid; the distance 
between two parallel sides of the base is 14”, and the altitude 
is 2". Asin Fig. 6, the plan must be drawn first. Then, to 
draw the front elevation, lay off O J on the center line mx 
equal tothe altitude, and through / draw the base line A’D’. 
Project the points D, £, etc. of the plan upon A’D’, as 
shown by the dotted lines, and join them with the point O 
by the straight lines .4’O, F’O, £'O, and D'O; these lines 
are the vertical projections of the edges of the pyramid; the 
horizontal projections of the edges are /O, £ O, DO, etc. 
The side elevation can be easily drawn, and does not require 
a special description, the length of the base  / being equal 
to the distance between the parallel sides, or 14”. 

Fig. 8 shows a rivet {” in diameter, having a button 
head 14” in diameter. The side elevation is not given, 
since it is exactly the same as the front elevation. Either of 
the two views may be drawn first, according to convenience. 
Suppose that the elevation is first drawn. Draw the center 
line #2, and the line A Z& for the base of the head. On the 
center line lay off from the line A SZ, or the base of the head, 
a point O, at a distance of 44”, the height of the head. 
With the compasses set toa radius of $4”, and from a point 
on the center line # , describe an arc A O BS, taking care 
to pass this arc through the point O. Lay off from, and on 
both sides of, the center line mx a distance of +4", or $ of 
the diameter of the rivet, and draw Gand FH. Draw 
the other center line fg of the plan, and with O as acenter, 
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and a radius equal to the radius of the button head, describe 
a circle. With the same center, anda radius equal to 7", 
describe the dotted circle, the horizontal projection of the 
rivet. The irregular line G // indicates that only a part of 
the rivet is shown. This is done so as not to take up too 
much space on the drawing. 

Fig. 9 shows an ordinary square-headed bolt 4" in diam- 
eter, having a head 12” square and 43” thick. Draw the 
center lines #22 and pg. Construct the rectangle 4d L DC, 
12"x 13", the elevation of the head. Locate the points & 
and / at a distance of ;,"’ from each side of the center line, 
and draw & Gand /H. With thecompasses set toa radius 
of 12” and from a point on the center line 7 2, describe the 
are representing the chamfering of the head. Draw the 
plan of the head LAXBA (a square whose edge meas- 
ures 12’), and the dotted circle 37” in diameter, the pro- 
jection of the body of the bolt, which cannot be seen in 
this view. 

Fig. 10 shows a distance piece used to separate two 
other parts, and to keep them a certain distance apart. 
The arrangement of the views of this figure is somewhat 
different from the preceding ones, in order to make room 
for iton the drawing. Draw the center line z sm, and con- 
struct the figure according to the dimensions marked on 
the plate. Use a radius of 34” for the fillets at A, B, C, 
and JY, and an equal radius to round the corners at £, 
TiGeand 77. 

Fig. 11 shows a square cast-iron washer. Instead of 
making an elevation and plan as usual, a section is taken 
through fq; that is, the washer is imagined to be cut on the 
line fg, with all that part of the figure to the left of pq 
removed, and an elevation drawn of the remaining part. In 
order to distinguish a sectional drawing without any possi- 
bility of mistake, the so-called section lines are employed. 
These are usually drawn by laying a 45° triangle against the 
edge of the T square, and drawing a series of parallel lines 
as nearly equally distant apart as can be judged by the eye. 
For cast iron, these lines are full, thin lines, all of the same 
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thickness, and must not be drawn too near together. The 
method of sectioning for other materials will be given later 
on. It is not usual to draw the section lines in pencil, but 
to wait until the outlines of the drawing have been inked in, 
and then section directly with the drawing pen. The short- 
est distance apart of the section lines should rarely be /ess 
than 4", unless the drawing is of such small dimensions as 
to cause a sectioning of this width to look coarse. This is 
the case with Figs. 11 and 12 of this plate. In these two 
figures make the section lines a full 4" apart. Only that 
part of the figure is sectioned which is touched by the cut- 
ting plane, the rest of the figure being drawn as if it were 
projected upon the cutting plane. The corners of this 
figure should be rounded with a radius of 5’; the other 
dimensions can be obtained from the plate. 

Fig. 12 is a cast-iron cylindrical ring. It is shown 
in plan and section. The dimensions given suffice for 
the drawing of the figure without further explanations. 
The inner circle of plan is the projection of the inner- 
most points of the ring which form a circle whose diameter 
is AB. 


44, When inking in a drawing, it is generally best to 
draw the circles and other curved lines first, and the straight 
lines afterwards. This enables the draftsman to easily blend 
into one line the straight lines meeting the curves, so that 
their points of meeting cannot be detected; it enables the 
tangent lines to be drawn with better success, and also 
shortens the time of inking in a drawing. It will be noticed 
that some of the straight lines are heavy and some light, 
and that parts of the full-line circles are heavy and the rest 
of the circle light. These are the shade lines; they are 
described later on. The student may make all of the full 
lines except the border lines of this plate, and the three fol- 
lowing plates, of the same thickness, if he so desires. The 
dotted lines used to indicate those parts of the figures that 
are hidden must be of the same thickness as full lines, while 
the construction lines and center lines should be very thin. 
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45, Dimensions.—The dimension lines and figures on 
this and succeeding plates are to be inked in by the student. 
Make the dimension 
figures 23," high, and of 
the same style as those 
shown in Art. 20. 
Fractions should be }” 
high over all. If there 
is not room for figures 
of this size; great care 
should be taken to make 
them clear. 

Until after the student has obtained sufficient practice in 
lettering, he should draw guide lines in pencil for the dimen- 
sion figures, as in Fig. 69, unless he can make them look 
well without. All the figures should have the same slant of 
60°, and, when printing fractional dimensions, the whole 
fraction should have the same slant as the figures; that is, 
the denominator should be under the numerator ina slanting 
direction, and not straight beiow it. Make the dividing 
line between the numerator and denominator horizontal, 
not slanting. 

Dimension and extension lines must be light, broken lines 
of the same thickness as the center and construction lines. 
Care should be exercised to 
make the arrowheads as neatly —— Right —— — 
as possible and of a uniform 
size. They are made with a 
Gillott’s No. 303 pen, and their 
points must touch the exten- 1 SN 
sion lines, as illustrated in Fig. 70. Do not make arrow- 
heads too flaring. 

When putting in the dimensions, care should be taken to 
give a// that would be needed to make the piece which the 
drawing represents, but do not repeat the same dimension: 
on different views. Thus, in Fig. 1 of this plate, the length 
is given in the front elevation as 2’, and it is obviously 
unnecessary to give the same dimension in the side elevation. 


FIG. 69 
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Again, the dimension lines should be put where they would 
be most likely to be looked for. In Fig. 10 of this plate, 
the diameter of the central part of the distance piece is 
marked 14” in the elevation; it could have been marked 
on the side elevation, as the diameter of the dotted circle, 
but a person wishing to find the size of this part of the piece 
would naturally look for it in the front elevation. This is 
also true of the diameter of the flange. The diameter of 
the hole could be on the plan or elevation, but it is put 
on the plan because it is denoted there by a full line, while in 
the elevation the hole is dotted. Never cross one dimension 
line by another, if it can well be avoided. Thus, in Figs. 2 
and 4 of this plate, the bounding lines of the triangular 
views are extended by fine broken lines, in order that the 
dimension lines (#') may not cross the lines marking the 
length and width of the wedge. 

The student should ink in all the figures used for dimen- 
sions shown on this and succeeding plates, on his drawing, 
but should omit the letters used to describe the different 
objects. The titles should be made in block letters as 
shown on sample copies. The date, name, course letter, 
and class number are to be put on as in the preceding 
plates. 


DRAWING PLATE, TITLE: PROJECTIONS—II 


46. The figures on the last plate were drawn under the 
supposition that the center lines, and at least one flat side, 
were parallel to the plane of the paper—the center lines 
were also either vertical or horizontal. This is always pos- 
sible in detail drawings, where each piece is drawn sep- 
arately by itself, but in the case of machines, where the 
parts are placed at different angles, they cannot always 
be drawn in this manner. The figures on this plate are 
so drawn that they show objects similar to those in the 
last plate, but at different angles. The student should 
exercise particular care to understand this plate and the 
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two succeeding ones; if he thoroughly masters them, 
he should experience no great difficulty in the plates that 
follow. 

Fig. 1 shows a rectangular prism 2?” long, 2” wide, 
and 1” thick, standing in a perpendicular position on one of 
its small ends in such a manner that the broad sides make 
an angle of 30° with a horizontal line. Draw the plan first. 
To do this, construct the rectangle A BC D 2” x 1”, with 
the parallel edges A B and DC making an angle of 30° with 
the horizontal ; this may be done by holding the head of the 
T square against the left-hand end of the board, and using 
the 60° triangle. To construct the front elevation, draw a 
horizontal line A’C' and project A upon this line, thus 
obtaining the point A’. Draw A’E perpendicular to A’'C’, 
and make it equal in length to 22”, the length of the prism. 
Through & draw EG. Project the points Band C upon 
AC, and draw BD’ andC'G.. The back edge 1/2 offine 
prism is not seen, and, hence, its position is indicated by the 
dotted line D'77. 

The side elevation can be drawn in a similar manner 
by projecting the points A &CD upon a vertical line, 
as JZ. Produce A’'C’ and EG, and make S’D' equal to 
If Now use the—spacing dividers, and set off 7:¢' 
equalito! 7 C, vand* <5 4 “equal tov/isa8  Warouchars aiC.. 
A’, and J, draw the vertical lines 6’7, C'G, A‘, “and 
D'H, drawing A’'E dotted, because, when looking at the 
prism in the direction of the arrow, the edge A’E£ is 
not seen. 

Fig. 2 is the same prism shown in Fig. 1, but in a different 
position. The two broad sides are parallel to the plane of 
the paper, and the prism is tipped in such a manner that the 
base makes an angle of 160° with the horizontal. The ele- 
vation must be drawn first. To do this, draw a horizontal 
line; then, by using the protractor, draw the line EF, 
making an angle of 160° with the horizontal, reckoning from 
right around to the left, opposite to the motion of the hands 
of aclock. Make & F equal in length to 2”, and on it con- 
struct the rectangle & F B A, 22" X 2"; it will be the vertical 
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projection or front elevation of the prism. The method of 
drawing the plan and side elevation is apparent without 
further explanation. 

Fig. 3 is the same prism shown in Figs. 1 and 2, but with 
the narrow sides parallel to the plane of the paper, and tipped 
until the base makes an angle of 174° with the horizontal. 
The sizes are the same as in the two preceding figures, and 
it should be drawn without further explanation, the front 
elevation being drawn first. 

Fig. 4 shows a hexagonal prism having two of its par- 
allel sides parallel to the plane of the paper, and its axis 
vertical; instead of a side elevation at right angles to the 
horizontal, a side elevation is desired, as if the vertical prism 
were looked at in the direction of the arrow, or at an angle 
of 30° with the horizontal. Draw the plan first and then the 
front elevation from the dimensions given. To draw the 
other view, first draw the center line 7z, and then, by use 
of the T square and 30° triangle, draw the lines A B, CD, EF, 
and G //, from the points A, C, Z, and G, as shown. Also 
draw in a similar manner the other four dotted lines at the 
base of the prism; then draw the line /Z at a right angle to 
the lines A B,C D, etc. Atthe point /, draw the line 7/ 
parallel to the center line #2, and, with /as a center, and the 
points B, D, F, H, K, L, etc. as radii describe arcs, as shown, 
cutting the vertical line // at the points /, WZ, NV, O, P, Q, 
etc. Through the points /, J7, NV, O, P, Q, etc. draw hori- 
zontal lines as shown. On each side of the vertical center 
line mn, lay off a distance of ?”, or one-half the distance 
between the parallel sides of the prism, which is 1}”, as 
shown in the plan, and draw the lines RS and 7U. This 
view is then completed by drawing the lines V R, V 7, WX, 
and Y.X,as shown. The lines at the base are drawn in a 
similar manner. 

Fig. 5 represents a hexagonal pyramid whose axis is 
parallel to the plane of the paper, the base making an angle 
of 30° with the horizontal. It is desired to find the vertical 
projection of the side elevation. Having drawn the plan 
ABCDEF and the side elevation O'A’L'C'D’, as shown 
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from the dimensions marked on the drawing, choose the 
position of the vertical center line ¢v; project O' and O” 
upon it in the points O” and O', and, through O'Y and O"”, 
draw a fourth center line 7s. On this, lay off OG’ and 
OV H' equal to OG and OA, and construct the projec- 
tion A” BC" DB" Fas indicated by the broken {and 
dotted lines. Join O” £", OF", etc. by straight lines, and 
it will be the required projection. The figure thus drawn 
represents the pyramid as it would appear placed so that 
its base made an angle of 30° with the horizon, the line of 
vision being horizontal to the observer looking at it from 
the left side. 

Fig. 6 shows a cylinder whose axis is parallel to the plane 
of the paper and makes an angle of 77° with the horizontal. 
The vertical side projection is required. Drawthe plan and 
front projection as shown fromthe dimensions given. Draw 
the center line ¢v vertical, and project the center O’ upon 
it in QO” salso, A’ incA”, and A” in A”. Tofind the remain- 
ing points on the projected circle, divide the diameter A 
of the plan into a convenient number of equal parts, in this 
case 7, as A 1, 1-2, 2-3, etc. Through the points thus laid 
off, draw the lines 7-1”, 2-2", 8-8”, etc., parallel to the cen- 
terline m7. ‘Through the. pomts4) 1 4327 iva = etcntdram 
the horizontal lines as shown by the dotted lines. From and 
on each side of the vertical center line ¢v, lay off distances 
on each side of the horizontal lines just drawn equal to the 
length of that part of the lines 7-1”, 2-2", 8-8", etc. included 
between the center line fg and the semicircle A C H; thus, 
on the horizontal line drawn through the point O’, the dis- 
tances OC" and O"D" are each equal to OC in the plan. 
The distances 1'V-1'" and 11V-1Y are each equal to the dis- 
tance from 7 to the point of intersection of the semicircle on 
the line 7-1". The remaining distances are laid off in a 
similar manner. A curve traced through the points thus 
found will be the required projection of the upper base of 
the cylinder. The projection of the lower base is found in 
exactly the same way. Drawing C”£' and DF’ completes 
the required projection. 
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DRAWING PLATE, TITLE: CONIC SECTIONS. 


4%. This plate shows the different forms of the curves 
formed by the intersection of a cone or cylinder by a plane. 
If the plane of intersection is perpendicular to the axis of 
the cone or cylinder, the curve of the intersection will be a 
circle; but if it is inclined to the axis, it will be an ellipse in 
the case of a cylinder, and an ellipse, hyperbola, or parabola 
in the case of a cone, according to the angle of inclination. 

Fig. 1 is a cone cut by a plane which does not intersect 
the base of the cone. When the cutting plane does not inter- 
sect the base, or the new base of the cone when the cone is 
extended, the curve of intersection is an ellipse. 

Draw the plan and front elevation of a right cone whose 
altitude is 33 inches and whose base is 3 inches in diameter. 
Cut this cone by a plane a, making an angle of 52° with 
the base. See figure. 

Divide the circle which represents the base of the cone in 
the plan into any number of parts, in this case 24, and, 
through the points of division A, £, H, etc., draw the 
radii OA, OF, O H,etc. tothe center O. Draw also from 
these points straight lines A A’, AL’, HA’, BB’, etc., par- 
allel to the axis of the cone O’n, and cutting the base A'S’ 
in the points Z£’, H’, etc. From these points, draw lines to 
the apex O' of the cone, and cutting the base A’ 5’ in 
points £’, 77’, etc. From these points, draw lines to the 
apex O’ of the cone, as £'O’, 7'O’'" etc., cutting the plane a6 
imetne points J). 7’, etc.. “Krom these points D,/’, -ete., 
draw straight lines F’F /", D'DD", etc., parallel to the 
axis O’'n of the cone, and intersecting the radii OA, OZ, 
Ciiecpeecte, 11 the points 0,001, Kwa, 2) -etc.,.and 
through these points of intersection draw the ellipse by aid 
of an irregular curve. 

Fig. 2 is a cone of the same size as in the preceding prob- 
lem; but the cutting plane a @ is, in this case, parallel to one 
of the elements* of the cone, and intersects the base. The 


*Any straight line drawn on the surface of a cone and passing through 
the apex (as O'/7', Fig. 1, or O'A’, Fig. 2, etc.) is called nn element. 
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curve formed by the intersection of a cone bya plane parallel 
to one of its elements is called a parabola. The plan and 
front elevations of the cone and curve of intersection are 
found in a manner similar to the method used in the last 
problem. To find the side elevation, proceed as follows: 
Draw the side elevation O''A'’5" of the cone with the center 
line ¢v as its axis. Draw the projection lines 7’ F’'" PF’, 
DDD” ete.-and-make KF -and= i." equal tovker 
and Ar" -make 2)" and / DY sequal to 7/77 andl i @ 
etc., and trace a curve through the points thus found. The 
result will be the side elevation of the cone when cut by a 
plane parallel to one of its elements and having the upper 
part removed. The side elevation of Fig. 1 may be drawn 
in a similar manner. 

Fig. 3 is a cone having the same dimensions as the two 
preceding problems, but cut bya plane ad parallel to the axis 
of the cone and perpendicular to the vertical plane of pro- 
jection. When the cutting plane intersects the base of a 
cone and is not parallel to any element (that is, if the acute 
angle included between the cutting plane and the base is 
greater than the angle O' A'S’ included between any one 
element and the base), the curve of intersection is called a 
hyperbola. 

The plan and front elevation are constructed as before, the 
horizontal projection of the curve for this particular case, 
where the cutting plane is parallel to the axis of the cone, is 
also a straight line. The side elevation is found as in the 
last problem, by drawing the lines of projection #'F'"F'V, 
Dp" D™ <cte., and making Deands ls) edualsouep 
and /D"”, Ki" and K'F™ equalto/ hand // "ete, ‘The 
curve drawn through the points thus found will be the 
required hyperbola. 

Fig. 4 shows the intersection of a cylinder, 33” long 
and 2” in diameter, by a plane ad, making an angle of 57° 
with the base. The plan and elevation may be drawn as 
shown, the horizontal projection of the curve being a circle, 
having the same diameter as the base. To construct the 
side elevation of the curve, divide the circle representing the 
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base of the cylinder in the plan into any number of parts, in 
this case 24, and through the points of division A, B, C, etc. 
draw the radii OA, OB, OC, etc. to the center O. Draw 
also from these points straight lines A A, LBB’, KCC’, 
IDL, etc. parallel to the axis m » of the cylinder, and cut: 
ting the base in the elevation. From the points 4, B’, C’, 
D', etc. draw lines D'E’, C'F’, B’G’, etc. at right angles to 
the axis wn. Make /'E and /’E’' each equal to/D; K'F 
and K'F’ each equal to KC; L’G and L'G' each equal 
to LB, etc. The curve drawn through these points will 
be the side projection, or side elevation, of the curve of 
intersection. 


DRAWING PLATE, TITLE: INTERSECTIONS AND 
DEVELOPMENTS 

48. On this plate some dimensions are given in decimal 
fractions instead of common fractions. Such decimal dimen- 
sions should be laid off with a decimal scale, if the student 
has one. A decimal scale is a scale with inches divided into 
tenths, hundredths, etc. If the student has no decimal scale 
(and such a scale is not essential), he should take the nearest 
value of the decimal fraction in thirty-seconds of an inch. 

To change a decimal fraction to a common fraction, having 
a desired denominator, multiply the decimal by the desired 
denominator of the common fraction, and express the result 
as a whole number, which whole number will be the numera- 
tor of the fraction. 

Thus, to express .765” in fourths, we have .765 X 4 = 3.06 
fourths = say, 2’. To express .765” in sixteenths, we have 
765 X 16 = 12.24 sixteenths = say, 12”. To express .765” 
in thirty-seconds, we have .765 X 32 = 24.48 thirty-seconds 
= say, $$". 

The length of the circumference of a circle = the diameter 
x 3.1416; hence, 

The length of circumference of a circle whose diameter is 
18'%= 3.1416 X 18" 4.32" = 4,5," 

The length of circumference of a circle whose diameter is 
14” = 3.1416 x 1$" = 4.71" = 433”. 
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The length of circumference of a circle whose diameter is 
ee tS MAL Ge tS OS an ore ae 
The length of circumference of a circle whose diameter is 
14% = 3.1416 x 17” = 4.9". 
4.9" + 2 = 2.45” = 2,1," (see Fig. 10). 


49, This plate deals with the intersection of surfaces and 
their development. Fig. 1 shows the intersection of two 
unequal cylindrical surfaces whose axes fg and mun 
intersect at right angles. Their dimensions are given in the 
figure. For the sake of convenience, a bottom view is given, 
instead of atop view, as usual. First draw the front elevation, 
omitting, of course, the curve of intersection OG DCB A, 
which must be found. Then draw the side elevation and 
the bottom view, as shown. Divide the circle which repre- 
sents the side projection of the cylindrical surface /Z A 1 
into any convenient number of parts, in this case 12, and 
draw the projection lines 7 £,6 Q0,5G,4D,38C,2B,and1A 
parallel to the axis fg. Also draw the projection lines 4-4’, 
8-8', 2-2’, 1-1’, etc. parallel to the axis tv. Choose a con- 
venient point O, and through it draw two lines O/ and OK 
parallel to the axes fg and mu of the cylinders. Continue 
the lines 4-4’, 3-3’, etc. downwards, -until they cut O / in 8, 
7,16,00;etc., “Now make) OS OSs O07 =10-7- Eten satis 
may be most conveniently done by taking O asa center, and 
describing arcs of circles with radii equal to O8, O7, O6, 
etc, cutting OA in si77) Go ete “Threughes® (eso t crer 
draw the lines oD", 7'C’, 6'B’; etc: “parallel to the center, 
linex7-s.- “Through: the points 2) CyB), and 24" draw ithe 
lines D'D, C'G, and B’Q, parallel to the center line 7 2, and 
intersecting the lines 4 D, 5G, 6Q, 8C, and 2B in.the 


a) 


points D, G, Q, etc. The curve traced through these points 
will be the front elevation of the curve of intersection of the 
two cylindrical surfaces. 

Fig. 2 shows the intersection of two equal cylindrical 
surfaces at right angles to each other, as in the case of a 
pipe elbow. When two cylinders having equal diameters 


entersect, and their axes also intersect, the front elevation of 


’ 
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the curve of intersection is always a straight line, no matter 
what angle the two axes make with each other. 

Fig. 3 shows a symmetrical three-jointed elbow formed 
by the intersection of three cylindrical surfaces. The diam- 
eter of each of the three surfaces is 14”. The center lines 
of the surfaces RAGS and MNPH are to be at right 
angles to each other; then, in order that the arrangement 
shall be symmetrical, the center line of the third surface 
AM HG must make an angle of 45° with the center lines 
of the other two. 

To construct the elevation as shown in the figure, draw 
the two center lines 7 and pg at right angles to each 
other; they intersect at 6. Lay off 6/7=14" and draw an 
indefinite line XS through 7 perpendicular to mn. Make 
IR equal to 7S=1} x } = }", and draw RA and SG par- 
allel to mn. Draw OX parallel to mz and 1%” below it. 
Through the point QO, where RS and OX intersect, draw 
OT passing through 6, and bisect the angle ROT by the 
line O A, which intersects RA and SGinAandG. Lay 
off 6 / = 24" and draw P/N perpendicular to pg. Make 
GP =] Nea Ne x4 = 3, and.draw 2/7 and WN MW. parallel 
Loup-g DraweO dso cas to: bisect’ the angle 70.4: 
OW intersects PH and NM in Hand M@. Finally, draw 
A Mand GH. 

Fig. 4 shows the intersection of two unequal cylin- 
drical surfaces whose axes intersect at an angle of 65° 
instead of 90°, as in Fig. 1. The method of finding the 
curve of intersection is in all respects similar to that used 
in Fig. 1, and, as the corresponding points have been given 
the same letters or figures, the directions given for Fig. 1 
can be applied to Fig. 4 also. 

Fig. 5 shows a cylindrical piece of iron 242” in diam- 
eter that has been gradually turned down to 1,5,"" diameter, 
and then having the larger part flattened on two sides. 
The large and small parts of the piece are connected by a 
graceful curve. The problem is to find the curve of inter- 
section A 1238 formed by the flattening. Draw the plan 
and front elevation from the dimensions given; also draw 
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the curve C6’ 5' 4’, and its equal on the opposite side, so 
that they look to the eye about as seen in the drawing. In 
order that all the work sent to us may be alike, the radius 
of this curve and the position of the center have been given 
on the drawing. To locate the center, draw an indefinite 
horizontal straight line 1” + 17,’’ = 275"" above the base of 
the piece; and with C and / as centers, and a radius of 13”, 
describe short arcs cutting the line justdrawn. ‘The points 
of intersection will be the required centers. With Oas a 
center, and radii of convenient lengths, as O 4, O 4, O6, etc., 
describe arcs cutting, Ab) in 3)2, 7, etc. Through> the 
points 4, 5, 6, etc. draw the lines 4-4’, 5-5’, 6-6’, etc., par- 
allel to the center line 7, and intersecting the curve C 4’ in 
ibs 6 2G etc, » Rhrough ithe points a0 2. Netewdtam 
lines A’A, 1'-1, 2'-2, etc., parallel to mx, intersecting hori- 
zontal lines drawn through C, 6’, 5’, 4’, etc., in A, I, 2, 8, etc. 
The points A, 1, 2, 3, etc. are points on the required curve, 
and through them the curve may be drawn. 

Fig. 6 is the cylindrical surface of one section of the 
elbow 17 AG of Fig. 2 rolled out into a flat plate; hence, if 
a flat plate were cut into the same shape and size as Fig. 6 
and bent into a cylinder so that the ends 7G’ and 7G” 
touch each other, the vertical projection or front elevation 
would be the same as shown by 17 AG in Fig.2. If a 
second plate were cut out in the same manner and bent into 
a circle, the two pieces on being brought together, as shown 
in Fig. 2, would touch at every point. The problem is to 
find the shape of the curve G’A'G". The length of the 
line 7-1’ is evidently equal to the length of the circumfer- 
ence of acircle whose diameter is 13", or 4.32", very nearly. 
Produce the line 1-7, Fig. 2, and make J-1’ equal in length 
to 4.32". Divide the circle 128....12 into a convenient 
number of equal parts, in this case 12, and erect the per- 
pendiculars 1G, 2F, 3£, etc., cutting the line of intersec- 
tion G A of the cylindrical surfaces in G, /, Z, etc. Divide 
the line /-1' into the same number of equal parts that the 
circle was divided into, thus making the length 1-2 equal 
length of arc 1-2; 2-3, length of arc 2-3, etc. Through 1, 
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2, 3, etc., draw the perpendiculars 1G’, 2 F’, 3 E', etc. and 
project the points G, /, £, etc. upon these perpendiculars, 
as shown, thus locating the points G’, #’, E', D', C’, B', A’ 
of the left-hand half of the required curve. The points on 
the right-hand half are found in the same manner, as shown, 
and the required curve can be drawn through these points. 


50. <A drawing like Fig. 6 is called the development 
of the cylindrical surface 17 A G. 

Fig. 7 is the development of the cylindrical surface 
AGHM of Fig. 3. Make 1-1! = 14x 3.1416=4.71", 
nearly, and divide it into 12 equal parts to correspond with 
the 12 equal parts into which the dotted circle is divided. 
Project the points 6, 5, etc. of the dotted circle upon OA as 
shown, thus locating the points B,C, etc. Through B,C, 
etc., draw 26, C5, etc., perpendicular to O 7. Make 1G’ 
Ge HG eed a Tt Ol BE BOR ZEB ete 
Morough Gish fetes tracethe curye.G Li Eo. 3.G'' and, 
PILOUCIRGe mu. . wete ttace the curve: G “hi Les... 
GY. Drawing G’G’” and G" GY completes the figure. 

Fig. 8is the development of the cylindrical surface 1/* Z A, 
Fig. 1. The method used here is in all respects similar to 
the two preceding problems. In this case, the distances 
1A, 7£, and 7’ A’ are all equal to 1A or ZF, in Fig. 1; 
and 24, 6Q, 8Q’, and 128’ are all equal to 2 2 or 6 Q, in 
Fig.1. The development of LZ J/P Nis not given, for want 
of room, but the method will be explained in Fig. 10. 

Fig. 9 is the development of the cylindrical surface 
1FEA, Fig. 4. The student should have no difficulty in 
drawing this, after having studied the preceding problems. 

Fig. 10 is the development of the cylindrical surface 
LMPN, Fig. 4. Owing to the want of room, only that 
half of the development is shown which contains the part to 
be cut out. The length of a circle 1,%” in diameter is 4.9”, 
Mealy whale ot—this=1s900,45/.-—Hence,4the line 'Y7; 
Fig. 10, which equals the length of the semicircle Y'A'Y", 
Fig. 4, is 2:45” long. The distance X°Y’=X"Y”" equals 
the length of the cylinder, ZL Vor MP. Lay off X'S equal 
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to the length of the arc Y'D’; SR equal to the arc D'C’; 
RN equal to the arc C’B'; NM equal to the arc L'A’, etc. 
Find the lengths of these arcs by means of the method 
given in connection with Fig. 54. Draw through these 
points the perpendiculars SS’, RA’, etc. With the spa- 
cing dividers, set off SD, equal to SY in Fig. 4; RG, 
equal to RG; NVQ, equal to NVQ; and WE, equal to WE. 
Also,wk'C,équalito: R'C; VB equal tows » and aie 
equal to PA. In exactly the same manner, find the points 
on the right-hand half of the curve. If a plate were cut 
of the same size and shape as shown in Fig. 10, and 
rolled into a semicylindrical surface, the diameter of which 
is 1,%,", it would exactly fit the plate cut like Fig. 9 rolled 
into a cylindrical surface, the diameter of which is 14”, the 
two being placed together as shown in Fig. 4. 

Fig. 11 shows a conical surface cut by a plane, and 
Fig. 12 shows its development. Draw the elevation and 
horizontal projection of the base as shown in Fig. 11. 
Divide the projected circle (base of cone) into a convenient 
number of equal parts, in this case 12, and project the 
points J; 2;'3) etc. on the base J/-—77, ‘thus locating the 
points J’, 2’, 3’, etc. Join these points with the apex O of 
the’coné, by ‘the. lines (O70 2°03 "ete veuttines tue 
plane in A, 5, C, etc. Now, choose a convenient point O, 
Fig. 12, and with this as a center, and a radius equal 
to-OT, ot OW; Fig. 11, the slant’ height’ of the. cone, 
describe an arc I-/' of a circle. Make the length of this 
arc equal to the length of the circumference of a circle 
having the same diameter as the base of the cone. This 
may be conveniently done as follows: length of arc = 2 
xX 3.1416 = 6.28", nearly. Draw a straight line 6.28” long 
and divide it into, say, 4 equal parts. Describe an arc hav- 
ing a radius equal to O 1', the slant height of the cone, and 
find the length of a part of this arc equal to 6.28 +4 
= 1.57" by means of the method described in connection 
with Fig. 53. With the dividers set for the chord of the 
arc just found, space off the chord four times on the longer 
arc 128....1', Fig. 12. Divide the arc into the same 
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number of equal parts that the circle 172 3....12 has been 
divided into, that is, 12 parts. Join the points of divi- 
sion 1, 2, 3, etc. with the center O by the lines O 1, O02, O8, 
etc., as shown. Project the points B, C, D, etc., Fig. 11, 
upon O /',in B,, C,, D,, etc., as shown, and lay off O A equal 
to OA’ equal to OA, Fig. 11; O B equal to O B’ equal to 
OB,; OC equal to OC" equal to OC, etc., and through 
these points draw the curve. A plate cut of the same size 
and shape as shown by AGA’ 1'7 1 can be bent into the 
conical surface shown by the elevation A G7’ 1’. 

Farticular attention must be given to the method explained 
above for laying out the curve of the development in Fig. 12. 
It would be entirely wrong to take the measurements from 
the lines O 7, O|L, OD, OC, étc., Fig. 11. Thereason for 
this is that these lines, being on the surface of the cone, are 
inclined towards the observer, and so do not appear in their 
true lengths. The line O D, for example, if measured on the 
surface of the cone itself, would’ cvidently be of the same 
length as the line OD; but in the figure it is much shorter. 
The line OD,, however, appears in its true length in the figure, 
because it is not inclined to the observer in the position shown. 
The actual distance of point D from the apex O, therefore, is 
OD,, which is the distance to be laid off for point J in the 
development. The same holds true for the other points. 


SHADE LINES 


51. The use of the heavy shade line will now be ex- 
plained. In Fig. 71, by means of the shade lines, the drafts- 
man knows, without looking at any other view of the object, 
that the rectangles 7 and 4 represent square holes, and 
2 and 8, square bosses. When he looks at the other view, 
it is to find the depth of the holes and the height of the 
bosses. This explains the use of the shade lines, viz.: to 
show, from that view of the drawing which is being 
examined, whether the part looked at is above or below 
the plane of the surface; that is, for example, whether 
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the rectangles /, 2, 3, and 4 are the tops of bosses or 
bottoms of holes, and, consequently, whether they extend 
above or below the sur- 
face of ABDC. In 
order that the shading 
may be uniform on all 
drawings, the light is 
assumed to come in 
one invariable direc- 
tion, in such a man- 
ner as to be parallel 
to the: plane), of -the 
paper, to make an 
angle of 45° with all 
horizontal and_ verti- 
cal lines of the draw- 
ing, and to come from 
the upper left-hand corner of the drawing. Each view 
of the object represented is shaded independently of any 
of the others; and, when shading, the object is always 
supposed to stand in such a position that the drawing 
will represent a top view. Any surface that can be touched 
by drawing a series of parallel straight lines, making 
an angle of 45° with the horizontal and vertical lines of 
the drawing, is called a light surface; a surface that 
cannot be touched by lines having this angle is called a 
dark surface. All of the edges caused by the. inter- 
section of a light and dark surface, or two dark surfaces, 
are usually shaded; that is, the edges thus formed are 
drawn in heavy lines. Exceptions to this rule are some- 
times made by experienced draftsmen, when a rigid adher- 
ence to it will produce a bad effect or will render the 
drawing ambiguous. 

Fig. 72 shows a plan of a series of triangular wedges pete 
ating from the common center 0. The top is, of course, a 
light surface, and, in order to determine whether the per- 
pendicular surfaces are light or not, the 45° triangle may be 
used, Take the wedge ROA. A line drawnat an angle of 
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45°, the direction of the arrows, would strike the side of 
which O A is the edge; hence, this side is a light surface, 
and the top being also 

a light surface, the ae 

line OA must be light. 
OR, on the contrary, is 
a heavy line, since the 
light cannot strike the 
side of which O & is the 
edge without passing 
through the wedge. 
Hence, this is a dark 
surface, and its inter- 
section OR with the 
light surface OA R re- 
quires a shaded line. 
For the same _ reason, 
AR is also shaded. 
The same reasoning as 
the above applies to the lines OB, OD, OG, OF, OR, 
and OW; also, to ON, ML, and K/. C#is not shaded, 
because the light strikes the surface of which CZ is the 
edge, as shown by the arrow, making C & the intersection 
of two light surfaces. OW makes an angle of exactly 45° 
with the horizontal, and is treated as if it were the*edge of 
a light surface; this is done in every case in which the line 
considered makes an angle of 45° with the horizontal. 

In shading holes, or any parts of the drawing denoting 
depressions below the surface under consideration, a slightly 
different assumption is made. Fig. 73 shows the plan of a 
square block with a hexagonal hole in the center. If the 
light passed over the surface A BCD, parallel to the plane 
of the paper as previously assumed, all the inside sur- 
faces would be dark, and the entire outline of the hexagon 
EFGHTIK would be shaded. In order to prevent this 
and make the work similar to that which has preceded. 
the rays of light are assumed to make an angle of 48° 
with the plane of the paper when shading holes and 
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depressions. Hence, the light will strike the surfaces whose 
edges are GH, HJ, and /K, as shown by the arrows, leav- 


2) 


ing the surfaces whose edges 
are KH, EF, and /G dark as 
before. Therefore, these latter 
edges will be shaded, and the 
edges GH, HJ, and /K will be 
light. See also Fig. 71. 

The conventional method of 
shading circles which represent 
the projections of cylinders, or 
circular holes, is as_ follows: 
D C AB, Fig. 74, is the projection 

FIG. 73 ; ; ; 

or end view of a cylinder having 
for a base the circular area A b. Draw the arrows & A and 
FB, making angles of 45° with the horizontal diameter, 
and tangent to“the*circle at_4 and 75. ‘That half ot the 
circle in front of these two points of tangency is to be shaded, 
and, in order to make 
the drawing look well, the 
center point for the com- 
passes is shifted along the 
line CA parallel to EA 
and /# in the direction 
of the arrow an amount 
equal to the thickness of 
the desired line. With 
the same radius that was 
used to describe the orig- 
inal circle, describe part 
of another circle, being 
careful not to run over 
the first circle, and stop- 
ping when the two lines coincide. The directions for sha- 
ding a hole are precisely the same as for the projection of 
a cylinder base, except that the half BCA of the circle in 
Fig. 75 is to be shaded, the center being shifted as before, 
but in the opposite direction, as shown by the arrow. 


E 


FIG. 74 
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Vertical projections of cylinders are shaded as shown 
in the front elevation of Fig. 5, Drawing Plate, title: 


Projections—I. 


After studying the foregoing concerning shade lines, the 


student should be able to 
see the reason for the using 
or omitting of any shade 
lines on the drawings in the 
following plates. In the case 
of an object like the hex- 
agonal prism in Fig. 6, 
Drawing Plate, title: Pro- 
jections—I, no part of the 
upper base or line Se is 
shaded, although, strictly 
speaking, the part ce of the 
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line should be shaded; but, as this would make part of the 
straight line Se heavy and the greater part light, the whole 
line is drawn light. This is one of the exceptions previously 


mentioned. 


MECHANICAL DRAWING 


INTRODUCTION 


DIVISIONS OF THE SUBJECT 


1. While every drawing executed by means of the 
T square, triangles, and other drawing instruments, is a 
mechanical drawing, this term is usually restricted to draw- 
ings representing machines, machine parts, and objects 
used in the mechanic arts. In recognition of this restricted 
meaning of mechanical drawing, the term ‘‘ geometrical 
drawing ” was used in the preceding paper to signify that 
the subjects treated dealt with those general geometrical 
principles that form the foundation of all instrumental 
drawing. 

A mechanical drawing is the language employed by 
the designer of machinery to convey his ideas to others; as, 
for instance, to the workman who is to construct the part or 
machine represented. 


2. A workman that constructs a machine or machine 
part from drawings is said to ‘‘work to drawings,” and 
requires not only a true representation of the object to be 
made, but all its dimensions as well. The drawing must 
also give other instructions, such as the material to be used, 
method of manufacture, etc. A mechanical drawing of this 
kind is called a working drawing. 

§ 14 
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8. While the systems used in the drawing offices of the 
leading manufacturing companies for producing drawings 
vary in many important details, it should be noted that 
good drawings made in one office can be read in others, and 
that the parts represented can be made in other shops, even 
when office and shop practice differ to a marked degree. 
In general all mechanical drawings are made as plain as 
possible, shading and other aids to the eye being omitted 
except on complicated drawings, when shading is occasion- 
ally resorted to in order to bring out the important features 
of the design. The shading of surfaces, lines, and holes is 
becoming less and less common, but when used, the instruc- 
tions given in Geometrical Drawing will be followed. 

It is not good practice to spend time on elaborate titles or 
figures. Plain letters, easily read, serve all purposes and do 
not waste the time of the draftsman. 

The methods here described are those which have been 
found to be the most representative and complete, and the 
student can easily adapt himself to any local regulation, if 
the principles here explained do not agree in every par- 
ticular with the practice in the office in which he first starts 
as draftsman. 


WORKING DRAWINGS 


KINDS OF WORKING DRAWINGS 


4, Working drawings are divided into two general 
classes, namely: assembly, or general, drawings and detail 
drawings. 

Assembly, or general, drawings show the workman the 
relation between, and the places or positions occupied by 
the component parts of a structure, machine, device, fix- 
ture, implement, etc. If any dimensions are given, they 
are usually only the leading ones. 


5. Detail drawings show the exact shape and size of 
each integral part. For this purpose they are supplied with 
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all the dimensions required by the workman and any addi- 
tional explanatory notes that the draftsman may consider 
necessary. 

Detail drawings may be made so complete that they will 
answer for the patternmaker, blacksmith, and machinist, 
and they are usually so made in the smaller shops. In the 
large shops, however, separate drawings are often made for 
these men; the detail drawing for the use of the pattern- 
maker then contains only the dimensions and notes needed 
by him to make the pattern; that for the blacksmith con- 
tains only the dimensions needed for making the forging; 
and, finally, that for the machinist contains only the dimen- 
sions needed by him. 


6. Attention is called to the fact that practice varies in 
regard to the dimensions given on detail drawings, at least 
as far as drawings for the patternmaker and blacksmith are 
concerned. In some places, the dimensions given represent 
the size the object is to be when finished; hence, the black- 
smith or patternmaker must make necessary finishing allow- 
ances himself. In other places the finishing allowance is 
made by the draftsman; the dimensions given are then those 
of the pattern or forging. If in doubt about the practice 
followed in a particular drawing office, find out by inquiry 
what system is used. 

In the drawings which follow, the finished dimensions 
only are given, the necessary allowances being made by the 
patternmaker or blacksmith. 


SCALES 


%. It is seldom convenient to makethe drawing of a part 
full, or life, size, it being more often necessary to show the 
part as reduced in size. Thus, supposing it is desired to 
make a drawing 1 size, then 12” on the object will be rep- 
resented by 3” on the drawing, hence if 3” is laid off and 
divided into 12 equal parts, each of these parts will repre- 


sent 1’’ on the object. If these parts are subdivided into 2, 
39—7 
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4, or 8 parts, each will represent $”, 3”, or $” 
on the object. A scale of this kind is called 


at seale, or a scale of 3" to the foot. A 
5 scale, or a scale of 15" to the foot, is 


constructed in the same way, except that 14” 
would be laid off instead of 3”. 

In some cases, the scale is increased as in 
small machines, such as instruments, etc. 


8. The dimensions given on a drawing 
are always followed and it is seldom neces- 
sary to state the scale to which drawings are 
made, althotigh this may be done if it in any 
way adds to the clearness of the drawing. 
It is common practice to have parts on the 
same detailed sheet drawn to different scales, 
the more complicated parts being drawn as 
near full size as possible, and the less compli- 
cated parts being drawn to a much reduced 
scale. 


9. Fig. 1 shows a scale which is conve- 
nient for the student, inasmuch as it com- 
bines eleven systems of subdivision and 
may be used for all the work ordinarily 
done ina drafting room. This scale is tri- 
angular in section and 12 inches in length, 
and on éach of its edges there is laid Off a 
scale, as shown at A, 4, and G. The scale 
at Gis ‘‘full size”; that is, this edge of the 
scale is divided into inches and fractions of 
an inch down to sixteenths, and is used for 
drawings in which an object is represented 
in its natural size. On its opposite side, 
at BL, is shown the quarter-size scale of 
3” = 1ft. The first 3-inch (actual size) divi- 
sion, from B to C, is subdivided into 12 parts 
representing inches, and each inch is then 
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divided into proportional fractions of an inch, generally 
eighths. From C to D, D to &, and E to F, the scale is 
marked in its main divisions of 1 foot each, each foot 
being 3” long, actual size. From A to B the scale is inde- 
pendently divided into spaces of 14” (actual size) to form 
an eighth-size scale, or 14" = 1 ft., the divisions of the 
latter occurring on and between the marks for the 3” 
awe lotte scale: 

The other sides and edges of the instrument are divided 
into scales of 1” and }$", 2?” and 3", 4” and 4”, and .3,” 
and 23," to the foot. Different makers do not always arrange 
their scales in the same manner. Thus, instead of having 


auiilLsizensedléoand scales of 3!’ =: 1, ft. and. 14" = 1 ft. 
on one side, as shown in Fig. 1, some makers have the full- 
size scale and 3,” = 1 ft. and 3,” = 1 ft. on oneside. It 


will be observed that the numbering of the feet on these scales 
does not start at the end of the instrument, but at the first 
main division from the end. ‘Thus, on the quarter-size scale 
the zero mark is placed at C and the first foot is measured 
to D. This is done so that the feet and inches may be 
laid off independently and with one reading of the scale. 

The figures indicating the number of feet on this scale 
are placed along the inside edge at D, #, and F, the num- 
bers running ina direction away from the part containing 
the inches. The numbers indicating inches run in an oppo- 
site direction from those defining the feet. 


EQ me bOwiAvecnacsit..o. (Ona «scale. oft 3 => 1 ft.,-and 
from a given point, place the scale on the point so that the 
2-foot mark will be directly over it; then from the zero 
mark C lay off 32”, as shown, locating a second point. The 
length of the distance thus laid off between the two points 
represents 2 ft. 32”. The scale of 14’ = 1 ft. is used in a 
similar manner to lay off the same distance. The figures 
indicating feet on this scale are placed nearer the edge, in 
order to prevent confusion in reading. 

To draw to half size, or to a scale of 6” = 1 ft., use the 


full-size scale, and remember that every }” on that scale 
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corresponds to 1” on the object; that is, that every dimen- 
sion is only one-half of the real length. To lay off 53”, lay 
off 5 half inches and 3%," over; the result is a line 54” long 
tojavecale of¢6(2—— 4 (te 


11. It may happen that a draftsman is obliged to make 
a scale, when the size of his plate is limited and a general 
drawing of some object is desired. In such a case, one 
scale may be too large to enable the drawing to be made on 
a sheet of the required size; another scale may make it too 
small to show up well. For example, a 4 scale may be too 
large and a ; scale too small; a +45 scale may be just right. 
If the draftsman has no ;, scale (that is, a scale of 1 inch 
to the foot), he may make one by taking a piece of heavy 
drawing paper and cutting out a strip about the size of 
an ordinary scale and laying off the inch divisions on it. 
Each division or part will represent 1 foot on the object. 
Divide one of the end parts into 12 equal parts and 
each will represent 1 inch on the object. Lines indica- 
ting half and quarter inches may be drawn if considered 
necessary. 

Fig. 2 shows part of a scale made in this manner, giving 


FIG. 2 


feet, inches, and half-inches—the quarters, eighths, etc. of 
an inch being judged by the eye. 

To make a ¢ scale, lay off 12’ and divide this distance into 
5 equal parts, using one of the methods described in Geo- 
metrical Drawing. Using the same method, divide one of 
the end divisions into 12 equal parts, to represent inches, 
and then divide each of these parts into halves, quarters, 
eighths, etc. 
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DUTIES OF DRAFTSMEN 


12. A brief description of the duties of the draftsman, 
according to his rank and experience in the modern drafting 
room, is given herewith. There are usually three, and 
sometimes four, grades of men: 


1. The deszgner, who, as his name indicates, designs the 
apparatus. 


2. The leading, or head, draftsman, who takes the ideas — 
of the designer and works them up into practical form. Very 
often the designer does his own laying-out work, and in such 
case, fills both the position of leading draftsman and designer. 


3. The detatler, who works either directly or indirectly 
for the leading draftsman, takes his assembly drawings and 
makes up the details, calling for proper material, parts, and 
quantities. His work approaches more and more nearly to 
that of the leading draftsman, as he gains in skill and famil- 
iarity with the machine designed. 

4. The tracer, who takes the pencil detail drawings, and 
makes tracings for reproduction, his work in turn approaches 
more and more nearly the work of the detail draftsman as 
he gains in skill and experience. It is probable that the 
young man who starts work without previous practical 
experience will start work asatracer. If he does this work 
neatly and intelligently, he can count upon promotion to the 
more responsible position of detail draftsman, if opportunity 
offers, from which position he can then advance himself 
higher and higher. 


13. The necessity of carefully following all instruc- 
tions in making tracings cannot be too forcibly presented. 
Slovenly work will at once create a bad impression, while 
painstaking work, and carefully made and presentable tra- 
cings, will immediately place the tracer in favorable standing 
with his employers Atthe start it is better to work slowly 
until the subject presented is well in hand and perfectly under- 
stood. While speed is important, accuracy must come first. 
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DRAWING PLATES 


GENERAL INSTRUCTIONS 


14. The general instructions which follow, apply to all 
the mechanical-drawing plates treated in this Section. 

From the start, the student should remember that it is 
essential to do neat and accurate work; that all lines, figures, 
and letters must be clear cut and distinct; that there must 
be no doubt as to the meaning of limits or dimensions; that 
mistakes made on drawings are often more serious than 
errors in the shop, for they may not be located until the 
various parts of the machine are to beassembled. He must 
also keep in mind the necessity of making drawings concise, 
“but not needlessly complicated; that dimensions are not to 
be duplicated; that when working drawings once leave his 
hands marked ‘‘complete” it should not be necessary to 
refer to him for further particulars. 


15. Size of Plates.—The plates are to be of the same 
size as those drawn in connection with Geometrical Draw- 
ang, 14". x 18”, with border lines drawn }” from edge, making 
working limits of drawing 18” x 17”. 


16. Title and Number of Drawing.—The title or 
name of drawing is to be placed in the lower right-hand 
corner of sheet, and a space of 14"’ x 4" is to be reserved for 
this title; the height will vary, but the length will always 
be 4". In addition to the title there will be given in this 
space the number of the drawing, the draftsman’s name, 
and the date when the drawing was finished. If desired, 
the date can also be given when drawing was started. 


1%. Fractions.—Fractions are to be written with divi- 
ding line horizontal, thus: }”, 7”; never thus: 5/16”, 
with dividing line inclined, 
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18. Abbreviations. — Abbreviations are only used on 
drawings when lack of space prevents use of complete word, 
although there are a few abbreviations which can be used 
without hesitation, having been practically fixed by long 
practice, thus. D..or > Diam.” for diameters R. or*“Rad:” 
for radius; ‘‘ Thds.” for threads; f. for finish. 


19. Definitions.—The word drill placed near a dimen- 
sion or hole is always taken to mean that a hole is put 
through the object by drilling. 

Ream or reamed placed neara hole means that the hole 
is finished by reaming. 

The word tap following a dimension and a number always 
means that the hole is to be finished by tapping with a tap 
of the dimensions given; that is, ‘‘4-13 tap” would mean 
that the hole is to be tapped with a 4" tap, 13 threads to 
the inch. 

The word cored implies that finish is unnecessary, the 
hole being produced by a core, which is placed in the mold 
when the casting is made. Cores are arranged for by the 
patternmaker. 

The terms shrinking fit, driving fit, forced fit, and 
turning fit, always imply that the workman is to make 
allowance for the kind of fit called for, all holes being made 
to nominal dimensions, and the allowance necessary made 
on the part which goes into the hole. 

F all over means machine or part is to be finished all 
over. 

When wishing to convey spectal information, write your 
note in plain English so that it cannot be misunderstood. 


20. Dimensions.—All dimensions above 24” are to be 
given in feet and inches, the inches being designated by 
accent (") mark, and feet by abbreviation ft., thus 6 ft. 43”; 
never use accent mark for feet, as there is then danger of 
confusion. 

When micrometer or gauge measurements are required, 
all dimensions are given to three decimal places; thus, 
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1.000” would indicate one inch measured with gauge or 
micrometer; 6.250’’ would indicate 64”, and 0.250” would 
indicate +’ measured in the same way. Note that a zero 
should always be placed ahead of the decimal point when 
dimensions are less than one inch; this avoids all confusion 
as to value of decimal. 

Where possible all dimensions should be given so as to 
read from bottom and right-hand side of drawing. 

Intermediate dimensions always start from some finished 
surface, or center line, this giving a base from which work 
can be checked. 


PENCIL DRAWINGS AND TRACINGS 


21. The method of making working drawings differs 
from the method which has been followed in Geometrical 
Drawing, the pencil drawing not being inked in. In 
modern shop practice, original drawings are not sent to the 
shop, but - reproductions, called tracings, are made on 
tracing cloth, which is a cloth made semi-transparent by 
sizing, and then blueprints are made from the tracings. A 
description of the blueprint process will be given farther 
on. Since the tracing can be made to serve as an original 
drawing, it is not necessary to ink in the pencil drawing, 
although it may be retained as a record. 

Following the above general shop practice, the drawings 
made in connection with the study of this subject will first 
be made in pencil and afterwards traced. The methods to 
be followed in making the pencil drawing will be those 
which have been used in penciling the plates in Geometrical 
Drawing. 


22. For the pencil drawing a good grade of Manila 
paper upon which lines can be easily drawn‘and erased is 
sufficient. The tracing cloth is then placed over the paper 
drawing and the lines inked in on the cloth. All ink lines 
on tracings must be uniformly black without regard to the 
width of these lines. In general, the lines will be made 
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about 50 per cent. heavier than they would have been if 
inked in on the original paper drawing. 

At first it will be found very difficult to get lines that are 
distinct and uniformly black, but by strictly following 
directions, it will become quite as easy to make a good 
tracing as it is to ink in the drawing on drawing paper. 

The plates to be drawn in connection with this subject all 
. have numbers, which begin with 1001. They are to be 
drawn in the order of their numbers. 


PLATE 1001, TITLE: 


PRACTICE SHEET 


23. Plate 1001 is intended for a practice sheet in tracing 
and is introduced to give the student an opportunity to 
familiarize himself with the methods of making lines on 
tracing cloth, and will not serve in any way as a working 
drawing. We would suggest that after having carefully pen- 
ciled the drawing on Manila paper, it be traced several times 
before submitting the tracing to the Schools for criticism. 

In order to distinguish readily between references to figure 
numbers on the drawing plates and to those in the text, the 
former will be printed in heavy-face type and the latter in 
ordinary type. 


24. Suggestions for Making the Pencil Drawing. 
Figs. 1, 2, and 3 are squares 5-{,” on a side, and the lines 
drawn in them are 3,” apart, some being full lines, some 
dotted, and some heavy lines; the positions of all parallel 
lines are to be fixed by scale measurements, care being used 
to place them symmetrically. All lines should be a trifle 
heavier than is shown on the engraved plate, as the engrav- 
ing is somewhat smaller than the tracing. In locating the 
squares let their top sides be ?”’ below the upper border line, 
leaving a space of +" aren first and third squares and 


their adjacent border lines and a space of $$" between each 
of the squares. 
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Fig. 4 is a series of 10 concentric circles, }"’ apart, of jines 
varying in thickness, the outside circle being 5” in diameter. 
When. drawing these circles—and at all times when several 
arcs are described from the same center—be careful to keep 
the leg of the compass that contains the needle point per- 
pendicular to the plane of the paper and press the compasses 
as lightly as possible against the paper; otherwise, a hole 
will be made in the paper at the center from which the arcs 
are struck, which will wear larger all the time. It will then 
be difficult to ensure accuracy, and the hole will present an 
unsightly appearance. This caution is particularly neces- 
sary when inking in a tracing, as the hole enlarges much 
more rapidly than on paper and will be reproduced in all 
blueprints taken from the tracing. 

Fig. 5 is a combination of semicircles enclosed in an 
outer circle 5’’in diameter.* Place the horizontal diameters 
of these circles 31’ above the lower border line and their 
vertical diameters 242’ and 84" from the left-hand border 
line. 

in order to draw this latter figure, first draw the hori- 
zontal and vertical diameters, as shown, which are 5” long. 
Divide the horizontal diameter into 8 equal parts, then 
draw the outer circle. Bisect each of. these main divisions 
and with the points of bisection as centers draw the semi- 
circles as shown, first describing the two smallest semicircles 
—one above and one below the horizontal diameter—then 
the two next larger; and so on, until the figure is com- 
pleted. 

In drawing this figure the student should take very great 
care to make the semicircles meet accurately, as this is the 
object of this exercise. 


25. Fig. 6 represents an ellipse whose major axis is 5” 
and minor axis is 24", located respectively 4” above the 
lower border line and 23” from right-hand borderline. The 
ellipse may be constructed in one of the ways described in 


* The distances for locating the various views on this or any of the 
succeeding plates are always to be measured with a full-size scale. 
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Geometrical Drawing, or by the following approximate 
method, which is rapid and is accurate enough for prac- 
tical purposes: 

Draw the two axes a, a’ and 6, 0’, Fig. 3, and join a and 
6 by the line ad; lay off bc 
equal to 0a—o6 and bisect 
ac by the perpendicular de, 
which intersects 6 6’ produced 
mee and-od in: 2 Lay: off 
Ge = 0¢,andog! =)02, and 
draw e'f, ef’, and ed’. With 
eé and ¢’ as centers, and e6 
= ¢'6' as a radius, describe 
the wares 120d’ and: 70! 7": 
and with g and a as centers, 
and ga = g'a'as a radius, 
describe the arcs daf and 
OM AD 

The points e and e’ may b 
lie within or without the Biers 
ellipse, according to the difference between the axes. 


26. In the lower right-hand corner of the sheet is a 
space reserved for the title with lines drawn as shown. 
Make this space 14" high and 4” long and subdivide it by a 
line 4” above and parallel with the lower border line. In 
the lower space draw a vertical line 1?” from the right-hand 
border line. The title and number should be centrally 
located in their respective spaces, and the letters and figures 
should be 1’ high. Fill in the title with the type of letters 
indicated. 

The tracing can now be begun. 


2%. Tracing the Drawing.—The two sides of the tra- 
cing cloth are known as the glazed side and the dull side. 
Place the tracing cloth over the carefully prepared pencil 
drawing, glazed side up, putting extra thumbtacks in each 
corner, and smoothing out all wrinkles. Either side of the 
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tracing cloth may be used for inking in. The glazed side 
takes ink much better than the dull side, the finished draw- 
ing looks better and will not soil as easily, and it is also 
easier to erase a line that has been drawn on this side. 
Pencil lines can be more satisfactorily drawn on the dull 
side, and if it is desired to photograph the drawing, it is 
better to draw on this side. The draftsman uses either 
side, according to the work he is doing and to suit his indi- 
vidual taste, or to follow the practice of the drafting room 
in which he is employed. 

Care must be taken to remove all dirt and grease, other- 
wise the ink will not flow well from the pen. ‘This is done 
by taking a knife or file and scraping or filing chalk upon 
the tracing cloth; then with a soft rag (cotton-flannel, or 
chamois) rub it over the tracing cloth, being sure to rub 
chalk over every part. The chalk powder must be fine and 
must be rubbed off gently after being spread on the surface. 
The use of the powdered chalk makes it possible to ink the 
drawing satisfactorily and prevents the ink running, as it 
sometimes does when chalk is not used. 


28. Now take the T square and with the right-line pen 
draw all the horizontal lines, starting at the top and work- 
ing down, drawing the light lines first, and gradually spread- 
ing the pen until the heavier lines are taken care of. 

Next, draw the vertical lines, then the inclined lines, then 
the circles, and finally the ellipse, which will be drawn by 
the method just described. 


29. Before fixing the width of the line, draw your pen 
on the edge of tracing cloth outside the bounding lines on 
which the tracing is cut or else on a separate piece of tra- 
cing cloth; until your pen works freely and smoothly, and 
produces lines of the right weight, do not attempt to draw 
any lines on the tracing cloth. You need not expect to 
make a good tracing at the first trial, but will be surprised 
at the rapid improvement after one or two practice sheets 
have been drawn. 
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When the lines are all drawn, put in the title and the 
designation of figures. In tracing, remember that ink dries 
slowly and care must be taken to avoid smearing. 

The letters in the title will be made freehand, the shape 
and size of letters being limited by guide lines which you 
will draw in the proper positions. All working lines used 
on the drawing are omitted on the tracing cloth, center 
lines only being retained. 

Before mailing your tracings to the schools write on the 
dull side with a lead pencil your address and class letter and 
number. 


PLATE 1002, TITLE: 
DRAWING-ROOM STANDARDS 


30. This Plate is intended as another practice sheet in 
tracing, and at the same time serves as an introduction into 
the regular routine of drawing-room work. 

Considerable stress was laid in Geometrical Drawing on 
the necessity of learning how to letter neatly; all that has 
been said there is endorsed here, and any proficiency the stu- 
dent has acquired in lettering will stand him in good stead. 

In making working drawings, however, time should not 
be uselessly spent in making elaborate titles; freehand let- 
tering is, therefore, used almost exclusively. Sometimes— 
for instance in making assembly drawings which are not 
sent to the shop and where the drawing is made for display 
or other purposes—lettering is done with the T square and 
triangle. But even then the rather elaborate block letter 
described in Geometrical Drawing is seldom used; a simpler 
alphabet, as that shown as Type I on drawing Plate 1002, is 
used instead. Two types of freehand lettering were shown 
in Geometrical Drawing, only the second of which is recom- 
mended for use on working drawings, as it is the simpler 
of the two. It is repeated as Types II, III, and IV on 
Plate 1002, differ only in size. 


31. It is important that all sheets of drawing for the 
same shop have uniform lettering, and that the various 
54—12 
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types of lettering are used always for one and the same 
purpose. In this work the following plan will be adopted: 

Letters shown under head of Type II are the style of 
letters which will be used in the main title of all the draw- 
ing sheets which follow. These letters are } in height and 
are spaced as shown. 

Capitals shown under head of Type III will be used for 
all capitals except the main title. 

Type IV will be used for all lower-case letters in body 
of drawing, and in bill of materials, and the figures in all 
dimensions. 

‘Types III and IV are made freehand, but it is advisable 
at all times to draw guide lines on the pencil drawing before 
the work is started, these guide lines not appearing on the 
tracing, of course. 

It is recommended that the lettering be done on the pen- 
cil drawing as well. It will serve to nicely locate the words, 
etc., and when lettering the tracing, any misplacement can 
then be remedied. Any good, sharp, steel writing pen, not 
too hard, may be used in lettering, but a so-called crow guill 
pen, especially adapted for this work, is recommended. 


DEFINITIONS OF LINES 


32. Surface Lines.—Surface lines refer to those lines 
which limit or bound the delineation of a part and should be 
of the same weight all about the figure. 


33. Dimension Lines.— Dimension lines are lines 
drawn to show limits to which dimensions apply and are 
ended with an arrowhead, put in freehand, the arrowheads 
should always touch the lines which limit the dimension, 


thus: | —2s-—J Never thus: 


dimension may be indicated thus: -|8 + Placing arrow- 


heads outside of limiting lines. 


-—2$——+ | A short 
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Do not put dimension lines in or over delineation of parts, 
or place figures where they cannot be easily read. 


34. Center Lines.—Center lines are usually drawn at 
the working center of the object shown, and are extremely 
important as indicating the point from which work is to be 
laid out. Dimensions are frequently given from the center 
lines and they serve as a guide for all dimensions even when 
not used to limit them. In making working drawings it is 
important that one of the center lines should be first located, 
as this will immediately fix the starting point of drawing. 
This working point is not necessarily the geometrical center 
of the figure, but is fixed by some important point about 
which the delineation begins and which is relatively impor- 
tant in the complete object. 

This line is also used to indicate where a section has 
been or is to be taken. If, however, a partial section is 
indicated, the remainder of the view being in elevation 
or plan, the full (surface) line is used, except where there 
is an opening appearing in both parts of the view; in 
this case, the dash and dot would be used where the line 
crosses the opening, and the full line where it crosses the 
solid portion. 


35. Hidden Surface Lines.— Hidden surface lines 
are lines drawn to show the surfaces of hidden parts, and it 
will be noticed that the part hidden in one view is sometimes 
drawn full in the other views, indicating that from one posi- 
tion the part cannot be seen, while from the other position 
it is in view. 


36. As was stated in Art. 22, all lines on tracings 
should be fully 50 per cent. heavier than the lines used on 
the plates drawn in connection with Geometrical Drawing. 
The only case in which a fine line should be used is when 
locating points by intersecting lines, and even then they 
are not actually needed, since the points can be located by 
fine pencil lines, and being once located the lines passing 
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through the points may be as heavy as desired. Fine lines 
on tracings render it very difficult to obtain a good blue- 
print. 

It will be noticed that the broken and dotted line, here © 
used for center lines and to indicate where a section is to be 
or has been taken, consists of a repetition of long dashes, 
each followed by ove dot. In Geometrical Drawing two dots 
were used. Both forms of this line are widely used, but the 
student is recommended to use the one here shown, as it is 
simpler. When working in a drafting room, however, he 
must conform to the standards in force there. 


SECTIONS AND SECTION LINING 


3%. In order to show the interior of hollow objects, they 
are often drawn in section, and the kind of material is then 
usually indicated by certain combinations of lines. Unfor- 
tunately, there is no universally adopted standard; thus, a 
certain combination of lines may indicate that the material 
is cast iron if drawn in one office; in another office this 
same combination may have been adopted to represent 
brass; and so on. As far as working drawings are con- 
cerned, there is usually no difficulty experienced on account 
of this diversity of practice, since as a general rule the 
material is, and should always be, distinctly specified on the 
drawing in order to prevent any mistake on the part of the 
workman. 


» 88. The most commonly used combinations of lines for 
different materials are shown in Plate 1002, under heading 
Standard Cross-Sections. Steel of all kinds is indicated as 
shown at 4; B& shows the sectioning employed for wrought 
iron. Cast iron is usually sectioned as shown at C, and this 
type of cross-sectioning will be used for a// materials unless 
it is deemed advisable on complicated drawings to designate 
kind of material by character of cross-section, in which case 
the standard sections here shown will be used. Brass and 
other similar copper alloys are sectioned in the manner shown 
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at D. For lead, Babbitt, and similar soft metal, the sec- 
tioning shown at £ is extensively used. Wood, when cut 
across the grain, is usually sectioned as shown in the upper 
half of /“, and when cut along the grain, as shown in the 
lower half. Wood is also frequently indicated on a drawing 
by section lines, even when it is not a section. Glass and 
stone, when in section, are often indicated in the manner 
shown by the upper half of G; when not in section, they are 
frequently drawn as shown in the lower half. Concrete may 
be indicated as at H/; / gives a common representation of 
leather. Rubber and wood fiber are sectioned as shown 
at /; firebrick, as shown at KX; and water, as shown at L. 

The squares inside which the various kind of cross-sections 
are to be drawn should be 14” square; a space of 1” should 
be left between each square ina horizontal row and of 2” 
between those in a vertical row. The square C should be 22” 
below upper border line and 1” from right-hand border line. 

All section lines are spaced without the use of a scale or 
special instrument, the eye being the only guide in placing 
them evenly, and the student will follow this plan in draw- 
ing the sections shown. With practice, great skill can be 
acquired in spacing the lines evenly, and the work can be 
done very rapidly. 


39. Sections of material that appear too thin on a draw- 
ing to be conveniently sectioned, or when it is desired to 
make the section 
very prominnt =m 
are often black- 
ened in, as shown 
in Figo. 4. In order 
to separate differ- 
ent pieces, a white 
line is then usually 
left between them. Black sections are most frequently 
employed for sectional views of structures composed of 
plates and rolled sections, such as I beams, angle irons, bulb 
angles, rails, Z bars. 

39-8 


Fic, 4 
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40. On many sectional views, it will be noticed that the 
section lines do not run in the same direction. This invari- 
ably means that there is more 
than one piece in the section 
given. = ‘Thus,’ referring w te 
Fig. 5,.it will.be seen that the 
section lining shown at 4, 0 isat 
a right angle to the other sec- 
tion. linings Tthissthe sceneral 
rule among draftsmen that all 
parts of the same piece shown in section must be section- 
lined in the same direction, irrespective of the continuity of 
the section. Thus, referring again to Fig. 5, the fact that 
all section lining marked A is in the same direction immedi- 
ately establishes the fact that this part of the view is a sec- 
tion of the same piece. Likewise, since the sectioning 
shown at 6 and 8 runs in the same direction, it follows that 
and & are sectional views of one piece, which is separate 
from A. 

The above rule governing the direction of section lines is 
always adhered to when possible; when any departure is 
necessary, care is taken to prevent ambiguity. Where 
only the sectional view is given, it is often very difficult 
to understand the drawing, and sometimes a violation of 
the above rule will cause an erroneous conclusion to be 
drawn. Referring to (a), Fig. 6, cover up the front view 
shown at (4). Then, since the section of a and a’, and also 
that shown at 64 and 0’, are respectively in the same 
direction, any one would be perfectly justified in assuming 
that @ and a’ was a sectional view of a rod fitted with a 
solid bushing 60’. Furthermore, since c,c and c’, c’ are 
sectioned the same way, the conclusion that they were the 
jaws of a forked rod would be justifiable. Referring now to 
view (4), it is seen that 0 and 0’ are separate brass boxes; the 
part a’ is seen to be separate from the cap a, and the note 
‘‘ Rods Removed” indicates that ¢ is separate fromc'’. The 
way the sectional view should have been section-lined to cor- 
respond to the front view shown at (4) is given in Fig. 6 (c). 


US 


I Vix 


FIG, 5 
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41. When a cutting plane passes through the axis of a 


shaft, bolt, rod, or any other solid piece having a curved 
surface and located in the plane on which the section is 


yy 
YU. 


eral practice not to 
show such solid 
pieces in section, 
butein full ‘Thus, 
in Fig. 6 the sec- 
tional view (@) is 
taken on the plane 
represented by the 
line xy, in view (0), (a) 
which passes 
through the axis 
of the pint d. This 
pin is shown in full, 
however, in views 
(oyeand (c). The 
practice here shown 
is rarely departed 
from by experienced 
draftsmen, since it 
makes a drawing 
easier to read and 
also saves consider- 
able time in making 
the drawing. 


\\ 


SSS 


42. Fig. 6 also 
shows another fea- 
ture «that~1s’ fre- 
quently met with in 
shop drawings. 
Referring to the 
illustration, it isseen that no bolt is shown in the lower half 
of the object in so far as the front view (2) isconcerned. A 
center line of is drawn in, however, which indicates to the 
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workman—who reasons from the symmetry of the object in 
respect to the center line xy—that the lower half of the 
object isto be supplied with a bolt placed in the plane given 
by the center line of. In case of symmetrical work, drafts- 
men will frequently complete only one half of the view and 
merely indicate the other half by a few lines or not at all, 
trusting to the judgment of the workman for a correct 
reading of the drawing. In the best practice, a note is 
made on the drawing calling attention to the fact that the 
indicated portion of the view is a duplicate of the completed 
portion. 


PLATE 1003, TITLE: 
DETAILS 


43. The majority of the succeeding text illustrations are 
supposed to represent the preliminary pencil drawings to be 
made by the student and from which he is to make the final 
tracings. In these pencil drawings little use is made of 
dotted lines, as the main purpose of such drawings is that 
of indicating the /ocation of the various lines; the distinc- 
tion between full and dotted lines and such that are to be 
omitted altogether being made during the process of tra- 
cing. In the pencil drawing distinction is made to some 
extent between those lines that are merely construction lines 
and those that constitute the real outlines of a view, in so 
far that at first all lines that are not sure to be one of the 
outlines are drawn faintly. After the length and location 
of the outlines have been definitely determined they are 
strengthened and in this manner distinguished from mere 
construction lines or such that are to be shown as dotted 
lines. The first eight figures of this Plate show the con- 
ventional methods of representing screws; they are drawn 
full size. The actual projection of a screw thread will be 
similar to the projection of a helix; but in order to save the 
time required to locate the points and trace in the curves, 
the following methods are universally used, except, perhaps, 
in the case of screws of very large diameter and pitch. 
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44. To locate the upper row of views on this Plate, draw 
a horizontal line 14” below the upper border line and locate 
the top sides of the views along 
this line. Draw another horizontal 
line 44%” below the same border 
lines to limit the lengths of these 
views. Leave a space of 3” be-: 
tween Fig. 1 and the left-hand 
border line and the same space 
between each of the views in that 
row. Fig. 1 represents a single 
square-threaded screw 14” in diam- 
eter and 3” pitch. To draw the 
screw follow the directions given 
herewith in connection with Fig. 7. 
First draw the center line #2 and 
a line ad at right angles to it. 
Make the distance a0 equal to the 
diameter of the screw, or 1}”, and 
through the points a and 6 draw 
lines ad and de parallel to the 
center line mm. Also lay off on 
the line a0 distances af and dg es 
equal to one-half of the pitch (8 x 4 = 33"), and through 
the points f and g draw lines f# and gz parallel to the cen- 
ter line mx. These lines show the depth of the thread. 
On the line ad lay off the width of the groove and of the 
thread, @c,c7, 7 #, etc., each equal to one-half of the pitch, or 
38" x 4 = 53!’. Draw the line dc, and through the points 7, 
k, J, o, etc. draw lines parallel to dc intersecting line de at 
points x, g, 7, s, etc. Draw faint pencil lines joining the 
points candg,7and~7, kand s, etc., to represent the back 
edges of the threads and make the parts that are seen full 
lines. Draw faint horizontal lines from points 7, /, 7, etc., 
to the line f/% and from the points of intersection draw lines 
to the center points of the lower side of the threads, such 
as vf, these lines representing the visible bottom lines of 
the threads. Likewise draw horizontal lines from the 
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points g, s, etc., to the line g7 and from the points of inter- 

section draw the lines ww, etc. The method of drawing the 

remainder of the screw should be apparent. 
In some drawing offices this conventional method of rep- 
resenting screw threads is further simplified by omitting the 
lines indicating the back edges of the threads as well as 
those that represent the bottom lines. The threads will then 
be indicated by a series of parallelograms, such as cb xy, 
kari, etc. The screw 17 in Fig. 43 has been drawn in 
this manner. 
It will be noticed that the width of the thread and of the 
groove, measured parallel to the center line mm, and the 
depth of the thread are all exactly the same; 
that is, they are each equal to one-half of the 
pitch. If a section were taken through the 

center line 7m, the thread and groove would 
look like, Fig. 8, a series of squares; hence the 
term sguare thread. 

When a long and comparatively slender object 
is to be drawn, such as these screws, it often 
happens that when drawn to a scale sufficiently 

\\ large to make the drawing intelligible, the length 


is so great that the outline extends beyond the 


space available. In that case part of the object 
FIG. 8 


is broken away, taking care to let the place of 
break be at such a point that the remaining part 
will indicate the transverse dimension and shape 
of the part removed. An object is also frequently broken 
off when it is unnecessary to show it complete, as in the case 
of Fig. 1, where it is simply a question of showing the con- 
struction of the threaded part and where the other part 
may be a straight rod of any desired length. 

The fact that part of an object is broken away is indicated 
by a so-called break. Breaks may be indicated in various 
ways; most commonly the break is given an outline that 
will reveal the shape of the object. The conventional 
method of indicating the break on a round rod is that 
shown at the lower end of Fig. 1. 
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An example of a break where the central part of an 
object is removed isshown in Fig. 9. Here the removed 
part is simply part of a straight rod, 


= = = and therefore it need not be drawn, 


(a) especially when it is a question of 
: saving space. The remaining parts 
ee | are pushed together and the true 
Or length of the screw indicated by 


E the adjacent dimension, here 20”. 
| Conventional methods of indicating 
breaks are shown in Fig. 9. Wood 


i is usually shown broken in the man- 


OD) ner illustrated at (a), angle irons as 
at (4), T irons as at (c), Z bars as 

a at (z). Cylindrical objects are occa- 

(@) sionally broken as shown at (e), but 


See most frequently in the manner shown 
at (/). Pipes and similar hollow 
cylindrical objects may be broken as 
0 shown at (g); but more frequently 

77 the break is made as shown at (hf). 
Rectangular objects may be broken 

} in the manner shown at (2); plates 

(h) and objects other than those included 


. between views (a) and (2) are often 
<a shown broken off by drawing a wavy 


ee freehand line as in (7) and (£). As 
a rule the break is indicated by section 
lines, as in Fig. 1. Onsmall objects, 
@ or in views drawn on a small scale, it 
is sufficient to show the break in 

black, as in Fig. 9. 
(h) 45. Fig. 2 shows a double 
i dd square-threaded screw 1" in 


diameter and with 3” pitch. The reason for using a double 
thread is that if the single square thread were used, the 
depth would be so great as to weaken the bolt or rod on 
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which it was cut and render it unsafe for the purpose for 


which it was intended. 


To prevent this, either the diam- 


eter of the rod must be increased or the thread must be 
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tions given herewith in connection 
with Fig. 10.. To get the direction 


cut of the same depth and _ thick- 
ness as a thread of half the pitch, or, 
in this case, as if the pitch were 
2 4 = 2" as. in the: preceding 
problem; another thread of the same 
size and pitch (2) must be cut half 
way between these first threads, thus 
giving a double thread. The pitch, 
or distance that the screw would 
advance in one turn, would be ?”, 
the same as if 
it were a single- 
threaded screw 
Of piteoh; 
while the depth 
of the thread is 
only half as 
great. Todraw 
it proceed ex- 
actly as in the 
last figure, and 
follow the direc- 
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of the line dc, Fig. 10, which in this 
figure represents the projection of the 
bottom edge of the top of the thread, 
lay off ac equal to one-half the pitch, 
or 3?" xX 4 = 2”, and draw the line dc. 
The width of the threads and grooves, 
and also the depth of the threads, is 
one-fourth of the pitch, or?” x + = 3". 
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Through the points &, /, 0, etc., draw faint pencil lines £ x, 
etc. to represent the back edges of the threads, and make 
the parts that are seen full lines. Through the point 4 
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draw a faint pencil line £7 at right angles to the center 
line mn, intersecting the line f/ in v, and draw the line ¢z, 
which represents the bottom of the thread. The remainder 
of the screw should be drawn without trouble. 


46. Fig. 3 and Fig. 11 show a single V-threaded 
screw 1} in diameter and having 7 threads to the inch; 
that is, the pitch is 4’. Draw acylinder 11" in diameter, 
having mn for the center line. Lay off a0, dc, cd, etc. 
each equal to the pitch, or 4”. Do the same on the left-hand 
side. With the aid of the T square and 
60° triangle make the angles aod, 
fa’ g, etc., 60°. The rest of the thread 
can be drawn by referring to the figure. 


4%, Fig. 4 represents ascrew exactly 
like the preceding one, except that the 
thread is left-handed instead of right- 


FIG. 12 


handed. To ascertain whether a thread is left-handed or 
right-handed, hold the screw in such a position that its axis 
is horizontal. If the thread is right-handed, as it usually is, 
the angle that the edge of the thread makes with the hori- 
zontal on the right-hand side is obtuse; if left-handed, 
it makes an acute angle with the horizontal on the right- 
hand side. No further instruction should be necessary for 
drawing the thread. 
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The Seller’s triangular or V thread, commonly called 
the American thread, or United States Standard, which 
is used in the United States, is shown in Fig. 12 (@). 
Fig. 12 (6) is an enlarged section of the thread. The angle 
between the sides of the thread is 60°. The distance 7p 
indicates the pitch of the screw. As shown in the figure, 
a section of a single thread is an equilateral triangle, the 
altitude of which is ¢; to form the United States Standard 
thread one-eighth the altitude of the triangle is cut off from 
the apex, and the angle at the root is filled in to a like 
depth. Hence the real depth of the thread ¢, is three-quar- 
ters'the altitude of the triangle, that is, 7, = 27. 


48. Fig. 5 represents a double V-threaded screw 1}” 
in diameter. It has 3} threads per inch; that is, the 
pitch is 1"+ 34 = 2”. The remarks made in connection 
with Figs. 2 and 3 apply here. 


49. Fig. 6and Fig. 13 represent a section of a brass nip- 
ple. When the diameter of a nipple is given, the inside diam- 
eter is always meant, unless otherwise stated. The actual 
diameter of a nipple or pipe is very rarely given, but must 
be taken from printed tables. The zomznal diameter of the 
nipple shown in the figure is 1’’, but the actual inside diam- 
eter is 1.05’'; from the table, the outside diameter is found 
to be 1.32”, making the thickness .135”. Owing to: the 
thinness of the shell, pipe threads are finer than the threads 
onthe same sized rods. The coarsest pipe thread is 8 threads 
per inch. The number of threads per inch on the nipple 
shown is 114. The thread is tapered 1 in 16; that is, the 
diameter of the threaded part is increased by +{,’’ for each 
inch in length, to make a tight fit, and the length of the 
threaded part on each end is 0.51" + 0.52” = 1.03”, of which 
length the distance between a and 0, Fig. 13, represents the 
perfect thread, while from 4 to ¢ the thread is imperfect. 
On account of the small size of the thread and the crowded 
condition of the lines, Fig. 13 is drawn on a larger scale and 
only one end of the nipple is shown, the construction of the 
other end being identical. To draw the nipple proceed as 
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follows: Draw a cylinder 1.32" in diameter and with mn as 
a center line; lay off the inside diameter equal to 1.05” and 
draw de and fg. When decimal parts of an inch are 
required, lay off the dimension in the nearest 64ths of an 
inch by consulting Table V at end of this paper. Draw 
a horizontal line, through point a, across the cylinder, and 
lay off the points 4, & (indicating the minimum outside 
diameter of the threaded part) 1.28” apart. Draw a second 
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FIG. 13 


horizontal through 4, intersecting the other side of the cylin- 
der at 7, and a third horizontal through c intersecting the 
other side at c’. Join the points /, 7 and &, 6 by straight lines 
and produce them until they intersect the linecc’ atoando’. 
These lines indicate the position of the tops of the threads. 

Draw a horizontal line 1” above cc’, intersecting the 
lines Zo and £o' at points v, v'. Prolong the line vv’ indefi- 
nitely toward the left, then divide the distance vo into 
114 parts by means of the method given in Geometrical 
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Drawing, as follows: Apply the compasses to the scale and 
open them until they span 23 divisions (in this case six- 
teenths), and then with this length as a radius and with the 
center at o, strike an arc intersecting the line vv’ at 7. 
Connect 0 and f by a straight line and, starting at 0, mark 
off eleven-eighths by means of a scale and a sharp-pointed 
pencil. From these points, with the aid of the T square, 
draw horizontal lines to the lines 40 and £o’, the intersec- 
tion with the former line locating the tops of the threads 
and with the latter the bottom of the threads. By means 
of the T square and the 60° triangle draw a couple of 
threads, beginning at v and also a few threads at #, remem- 
bering that the divisions on £0’ are to be advanced half a 
thread, as shown; that is, the top of one thread and the 
bottom of the preceding thread on the other side will both 
be on one horizontal line. Through the bottoms of the 
threads thus found, draw lines parallel with Zo and ka’; 
these lines will indicate the bottom of all the threads. 
Complete the threads along Zo and ko’ as if they were per- 
fect, and continue the threads above vv’ to the upper end 
of the nipple. 

Counting from 0, draw a horizontal line through the top 
point of the fourth thread and extend said line until it 
intersects the bottom lines of threads at 7’ and 7”. Join 
the points ¢’,c’ and ¢'’¢c by straight lines, which lines will 
indicate the bottoms of the imperfect threads. It will be 
noticed that from points 6 and 7 downwards the tops of the 
threads, as drawn, extend beyond the sides of the cylinder 
and consequently these parts will also be imperfect. When 
inking in the drawing only those parts of the threads should 
be shown that lie zzszde tne outer edges of the cylinder and 
outside the lines ¢'c’ and ¢’’c. As the size of the threads, 
when drawn on the plate, are very small, it is not expected 
that the student will be able to draw them correctly in their 
minute details, but it is necessary that the total number of 
threads shall be correct. Table IV, giving the dimensions 
of standard threads for gas and water pipes, is found at the 
end of this paper. 
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50. Fig. 7 shows another method of representing a 
V-threaded screw. This method has the advantage of 
making a neat-looking drawing and of being very rapid in 
delineation. The pitch is laid off as in 
the three preceding figures. The heavy 
lines represent the bottom of the thread 
and their lengths are determined by 
constructing an equilateral triangle on 
the pitch distance, as shown in Fig. 14, 
and limiting the line to distances between 
two corresponding vertexes of the tri- 
angle. The diameter of the screw is 1” 
and the number of threads per inch is 8. 
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51. Fig. 8 represents the screw 
shown in Fig. %, but with the heavy 
lines replaced by light ones. This 
method has many advantages in making 
tracings, as it makes the resetting of the 
pen unnecessary, and the ink does not 
take so: long-to dry. —Eig. '% will be 
used for ordinary work; Fig. 8, when 
there are a number of details of the 
same sort, making complete repre- 
sentation inadvisable. 

When screws are represented, as shown in Figs. 7 and 8, it 
is not customary to lay off exact distances to represent the 
tops and bottoms of threads. The distances between the 
lines are made even and of any length that presents a good 
appearance. This adds, of course, to the rapidity with 
which a drawing can be made. 

The right-hand V thread is considered as a standard and 
is always furnished unless some other is specifically called 
for. When left-hand, double, or multiple threads are 
wanted, it is customary to place a note near the part 
detailed calling attention to the fact. 


AQAA 


AU 


VJ 


Fic. 14 


52. Whena screw thread is hidden by part of the object 
and it is deemed necessary to show its location, dotted lines 
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are drawn in one of the three ways illustrated in Fig. 15. 
Of these methods, (a) is the most complete, but (0) is 
the form generally used and is clear. Fig. 15 (¢c) should 
not be used unless supplemented by a note, ‘‘#!’ stud”’ or 
“14 Dolts ete, 


53. Draw a horizontal line 61 below the top border 
line and locate the tops of Figs. 9, 11, 13, 15, 17, and 19 
along this line. Lay off on it a point 14” from the left-hand 


(b) 
Fic. 15 


border line, and through this point draw the center line of 
Figs. 9 and 10. From this point, also, lay off other points 
123” apart, through which draw the center lines for Figs. 11 
to 22 inclusive, excepting Figs. 23 and 24, which are drawn 
separately. 

Figs. 9 and 10 of the plate represent the ordinary and 
conventional method of representing a hexagon bolt and 
nut. The example selected is a bolt 1’"in diameter and 20” 
long, with the thread portion cut 8 threads to an inch, 
head 18” across flats; the curve at the lower end of the bolt 
is drawn with a radius equal to diameter of bolt. By 1%” 
across flats is meant 18" between parallel sides, that is, 
twice ok, Fig. 16. 

That the student may fully understand the method of 
laying out the nut and the head of the bolt, the method 
which is to be followed will be described in detail. It is 
not common practice to show more than one view of either 
a bolt or nut, the shape being determined by the delineation. 
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To lay out the nut, first draw two horizontal lines ac and 
6d across center line m x (see Fig. 16) 1” apart, this being the 
diameter of the bolt, and the proper thickness of the nut cor- 
responding. The head of the bolt is 
somewhat thinner, being, as shown, 
t¢ thick. In order to determine the 
proper point at which the lines a 0, 
cd, ef, and gh are drawn, draw a 
semicircle 18” in diameter (the width 
of the nut across flats) with the inter- 
section o of the lines ac and muas 
the center; draw a tangent 27 to this 
circle, perpendicular to the center 
line. Draw two other tangents to 
the circle, using the 60° triangle. 
The intersecting points z and 7 of 
the tangents will locate the lines ef 
and gh, e being the projection of z 
and ¢ the projection of 7on ac; the 
intersection of the tangents with 
the perpendicular ac will locate the 
lines ad and cd. 

To construct the curves which 
form the top of the nut draw a 
circular arc from o as a center, with 
a radius equal to the diameter of 
the bolt (in this case 1"), tangent 
to the perpendicular 6 d, which limits 
the thickness of the nut, until it inter- 
sectsefin/, and gf in Pp; find by trial 
a radius such that arcs can be struck 
from / to g, and from f to 7, and be 
tangent to dd; the centers for these 
arcs must lie on lines parallel to the 
center line x and half way between ag and e/and gp and 
cr. Draw curves for the head of the bolt in same manner. 

Instead of indicating the corners 0d, Fig. 16, as parts of a 
spherical surface, they are often drawn as being parts of 
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a conical surface, the side of which forms an angle of 45° 
with itsaxis. Lines gd’ and 7d’ are then drawn tangential 
to the curves g/andrf. Fig. 23 is also drawn in this man- 
ner. Where it is the purpose of representing a nut or head 
in a conventional manner, it is a saving of time to omit 
these additional lines. 


54, Figs. 11 and 12 show the conventional method of 
representing a square-head bolt and nut. Their curves 
are constructed in much the same manner as those of the 
hexagonal-head bolt, except that they are drawn with a 
radius twice the thickness of the bolt. Dimensions corre- 
spond to those given in Fig. 9, except length, which is 6”; 
the width of the head is 1§” across flats. 

Complete information as to the construction of standard 
bolt heads, nuts, screw heads, etc., is given in Fig. 64. 
Any dimensions not given in the instructions referring to 
Plate 1003 will be found there. 


55. Fig. 13 is a hexagonal-head capscrew; the head of 
the capscrew is smaller than a corresponding hexagonal- 
head bolt, being 11” across flats. The dimensions given 
will be followed, and are standard dimensions for a bolt of 
this size. Curve of head is drawn by taking radius 2 times 
diameter of bolt. 

Fig. 14 represents a }” 13-thread setscrew, 12” long. 
Head is 4” across flats, and the two curves on same are struck 
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with a radius equal to twice the diameter of screw. Draw 
the curves at neck of screw witha radius of 1”. The infor- 
mation needed for drawing the lower end is given in Fig. 64 
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The form of setscrew shown in Fig. 14 is the one most 
in use. Some other forms are represented in Fig. 17, in 
which (@) is called a cone-point setscrew, (/) a cupped 
setscrew, (c) a round, pivot-point setscrew, and (dq) a 
headless, cone-point setscrew. 

Figs. 9, 10, 11, 12, and 13 are drawn to 4 scale or 6” 
= 1ft., while Figs. 14, 15, 16, 17, 18, 19, 20, and 22 are 
drawn full size. 


56. Fig. 15 represents a round-head, 44 machine screw, 
13” long; 14 is the gauge of the body of the screw; 24 gives 
the number of threads per inch. The screw is drawn by 
drawing a center line and laying off the parts as shown. 
No. 14 gauge practically corresponds to 1’, and measure- 
ments may be made with this as a basis; thickness of the 
head is ;3,'"; width of head is 74". 

The outline of the head should be a compound curve, but 
on account of the small size of the view it is difficult to 
show it in this form; it will suffice if in its place a circular 
arc is drawn with a radius of 34". 


57. Fig. 16 is a fillister-head machine screw of the same 
dimensions as that shown in Fig. 15. The head is ;%"' thick 
below the round and 23’\in diameter. The radius of the 
round top is equal to the diameter of head. 


58. Fig. 17 is a machine screw of corresponding length 
and diameter, except that it has a flat head; thickness of 
head is ;2,"'; diameter of head, 44”. 

It will be noticed that the dimensions for length of screws 
are given under the head in Figs. 15 and 16, and including 
head in Fig. 17%. 


59. Fig. 18 represents a cotter pin 1” long and }” in 
diameter. This pin is split and is put through the ends of 
bolts or studs to prevent nuts or washers working off. 
Make the eye }” in diameter. 


60. Figs. 19 and 20 are conventional methods of repre- 
senting round-head and flat-head wood screws. Dimensions 
39-9 
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previously given apply to these screws, except the gauge 
of body is No. 12, which approximately corresponds 
to 5". Diameters of heads of Figs. 19 and 20 are approx- 
imately ji,’ and 2”, respectively. Make the straight 


parts of the screws %” long, and the rounded points 
qs’ thick. 


61. Fig. 21 shows a 2” eyebolt, 44 threads to the 
inch, with a 3” hole in the eye and corresponding dimen- 
sions outside. This part is drawn to } scale, or 3” 
ett. 


62. Fig. 22 shows the representation of +” lag bolt, 
18" long. Lag bolts have square heads. The head is 3” 
across flats and the curve drawn with a radius of $’. The 
body of bolt is drawn similar to Fig. 19. 


63. Figs. 23 and 24 give conventional methods of rep- 
resenting keys drawn to } scale or 6” = 1 ft.; they are 
plainly dimensioned and will need no detailed description of 
method of drawing them. These figures also indicate a 
convention quite frequently employed to show a section in 
a view other than the one the section should appear in, the 
little squares showing the depth of the keys and the shape of 
a cross-section. 


64. Parts represented in Figs. 9 to 24 are standard 
parts which are seldom, if ever, drawn on detailed draw- 
ings. They are called for, however, in the title, and they 
are frequently shown in assembly drawings, in which case 
they will be drawn as represented, and with the principal 
dimensions only, if any, given. 

Additional information on the construction of standard 
nuts and bolts, machine and wood screws, together with the 
standard gauges for Morse drills, and steam, gas, and water 
pipes are found at the end of this paper under Useful 
Tables, 
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INSTRUCTIONS AND DEFINITIONS 


65. Before starting work on the next plate, further 
instructions and definitions are necessary. 

Part Numbers.—When a detailed working drawing is 
completed, letters or numbers are placed near the parts 
delineated so that they may be easily identified, and this 
practice will be followed on all future plates, a number 
being placed near the part and enclosed by a circle 3” in 


diameter, thus 


Part numbers start at 1. Be careful to place them at a 
point where they will not interfere with dimensions, center 
lines, or surface lines. These part numbers will be referred 
to in the material list, as explained later. 


66. Pattern Numbers.—All machine details which are 
made from castings must first have a pattern, and it is com- 
mon practice to have the draftsman call for these patterns, 
giving them the proper number by which they can be known 
and referred to. The first time a part which requires a 
pattern is shown on a drawing, it will have a pattern num- 
ber assigned to it, which will be the number of the drawing 
with a letter annexed, thus: Part 1, Plate 1004, is made of 
cast brass and its pattern number will be 1004-A. This 
number serves as an immediate means of identification and 
gives any person who handles the pattern the number of 
drawing upon which all dimensions can be found. This 
pattern number is called for in the material list of which an 
explanation follows. 


6%. Material List. — All detailed working drawings 
have a list of materials placed at some convenient part of 
the drawing, which is a list of parts shown on the drawing, 
the number of parts necessary to complete the apparatus 
shown, the material from which they are made, and a note 
calling for patterns when they are necessary. This material 
list is best placed above—and is practically an extension 
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of—-the title. The list is divided into six columns which, | 
taken together, are 4” wide, the same width as the main 
title previously described. Starting at the left-hand side, 
column 1 is made 4” wide and is the quantity column, show- 
ing the number of parts required in order to complete the 
part detailed; column 2 is made 13” wide, and gives the 
common shop name of the part; column 3 is }"’ wide, and 
shows the part number; colunin 4 is made 1” wide, and 
shows the material from which the part is to be made; 
column 5 is made %" wide, and is reserved for the word 
‘“pattern ’ when one is necessary; column 6 is made }” wide, 
and contains the letter by which the pattern will be known 
when called for, it being preceded by the number of the 
drawing. It frequently happens that patterns made for one 
machine can be used to produce castings for another 
machine under construction. In such cases the pattern 
would be designated in the material list by the number and 
letter first assigned to it. It is not at all necessary to put a 
heading over these columns, as the use which is made of 
them soon fixes their object in the mind of the draftsman. 

The material list is divided into sections by horizontal 
lines 33," apart. Standard details, such as machine screws, 
bolts, nuts, washers, keys, and similar parts, have part 
numbers assigned to them, but are seldom detailed on the 
drawing, the material list giving all the information that is 
necessary in order to supply them to the person who is to 
assemble the part. 

The material list is best arranged in such a way that the 
lowest number is put at the bottom of the list. The reason 
for this is to permit the adding of another detail, if such 
should become necessary, or, in other words, placing the 
parts in this order in the title permits the extension upwards 
of the space occupied by the latter as desired, some titles 
being short (vertically) and others long, according as the 
machine drawn is more or less complicated. 


68. Position of Views.—The main view or elevation 
once having been located, the right-hand view of object will 
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be shown at the right of the elevation, the top view at the 
top, bottom view at the bottom, etc. This method of loca- 
tion of views is technically known as ¢hird-angle projection 
and is more generally used than first-angle projection, which 
differs from it by having the right-hand view of the object 
placed on the left-hand side of the main plan, the bottom at 
the top, etc. An explanation as to the use of the first-angle 
and third-angle projection, is given fully in Practical Pro- 
jection. Either plan may be used, but each drawing office has 
a standard practice which must be followed. In the plates 
which follow, third-angle projection is adopted as standard. 


PLATE 1004, TITLE: 
MACHINE DETAILS 


69. This Plate is intended to give the student practice 
in drawing helical curves. In the previous plates screw 
threads have been represented by straight lines, and this 
conventional plan is followed whenever possible to save time. 
When, however, the dimensions of a threaded piece are 
large, especially when the pitch of the thread is steep and 
the scale used is large, the true projection of the screw 
thread is often drawn; this the draftsman should do with as 
little loss of time as possible. [he necessary directions are 
given below for each of the three parts represented on 
this plate. 

It is often difficult for a beginner to form a clear idea of 
the appearance of an object from a mechanical drawing, and 
there is, therefore, shown in Figs. 18, 19, and 20 half-tone 
reproductions of photographs of the parts represented by the 
drawing. Theattention of the student is particularly called 
to the method of drawing the adjusting screw, 2, it being 
broken at two points, in order to permit it to be drawn 
within the limits of the drawing. 


0. Draw border lines and lines for the title as shown, 
allowing space above the title for the material list of the 
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three parts which are to be described and drawn. Do not 
letter the title until the drawing is completed. All the 
parts shown on this plate are to be drawn full size. 

Part 1 is a single-threaded worm with a 14” hole through 
it; its over-all length is 61; the hub diameter is 28" which 
is also the diameter of the worm at the bottom of the thread. 
The length of the threaded portion is 31%”, the hub being 
1” long at one end and 14%" long at the other end. The 
worm has a diameter of 4” over the outside of the threads. 

The method of drawing the worm is as follows, referring 
to Fig. 21. Draw a center line mx, 34" from the left- 
hand border line. Parallel to this line draw two other 
lines pg and 7s, each 28" +2 = 1,5"" from it; these lines 
determine the bottom of the thread, and also the diameter 
of the hub. Then draw two lines ¢z and vw parallel to 
the center line, and 4" +2 = 2’ from it; they determine 
the top of the thread. 

Locate two points @ and a’ on the center line 64” apart, 
@ being 1?” from the lower border line. Through both of 
these points draw with the T square a perpendicular to the 
center line, thus defining the length of the hub. Locate 
two other points 0’ and J on the center line, one 15," below 
a’ and the other 1’’ above a. Through these points draw 
perpendiculars to 7; these lines are to limit the length of 
the threaded portion of the worm. 


41. Now proceed to construct the thread. This will 
necessitate a number of construction lines being drawn that 
are not, however, to appear on the final tracing; they are 
made onthe pencil drawing only. The pitch, that is, the 
distance between the top of one turn of the thread and the 
corresponding point on the next turn, is 14”, and since the 
length of the threaded portion of the worm is 3}}%”, there 
will be 348” + 14” = 8} turns of the thread; hence, the 
number of equal spaces representing the tops and bottoms 
of the thread is 834 x 2 = 7; therefore, divide the line 00’ 
into seven equal parts /, J //, etc. The thread itself is to 
have approximately the shape of a V thread, except that 
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instead of making the angle x 60°, this angle is determined 
from the pitch of the thread and the amount of flattening at 
the top and bottom. Referring to the Plate, the dimen- 
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FIG. 21 


sions show that the flattening at the top, and also at the 
bottom, is 3; that is, de and fg, Fig. 21, are each equal 
to 2”. Hence, on each side of the division points 4, J, Z/, 
LI, etc., just obtained, lay off #7 +2 = +3", and drawcc’, 


§ 14 MECHANICAL DRAWING 43 


ad',ee', ff', gg', etc., perpendicular to mm, which, inter- 
secting with the lines tu, pg, 7s, and vw locate the points 
defining the tops and bottoms of the thread. Draw the 
straight lines cd, ef, etc., and c’d’, e' f', etc., as shown. 
Note herewith that the top of the thread on one side corre- 
sponds to the bottom of the thread on the other side of the 
center line. 


72. To construct, the curves defining the helixes, locate 
some point 0 on the center line, and with o as a center, 
draw two semicircles whose diameters are equal to the top 
and bottom diameters of the threads; that is, 4 and 28”, 
respectively. Divide the semicircles into any convenient num- 
ber of equal parts. This is done by first dividing the exte- 
rior semicircle into the required number of parts, as 0, 1, 2, 
3, 4, 5, and 6, then drawing radii to each point from 0; 
this divides the interior semicircle into the same number of 
equal parts. at. the, points. 07; 2,.2, 3’, 4d", ands6é The 
division of the circles is most quickly effected by the use of 
the 60° triangle. If, as in this particular case, six divisions 
are chosen for reasons now to be explained, the pitch must 
be divided into twice the number of equal parts that the 
semicircles have been divided into, that is, into 12 parts, in 
order to also delineate the rear part of the thread. As the 
pitch is 14” = 48”, these divisions are 4187+12 = 3," 
apart... The linesicc’, dd’, ce’, ff’, etc. are either tor 3" 
apart, and those that are 3” apart already have the distance 
between them halved by the points /, //, ///, etc.; hence, 
these divisions can be utilized at once, and it is only neces- 
sary to halve them again to get the required 12 divisions. 
Draw perpendiculars to mx through the division points. 
Frompoints 2)..2) 9; 4, 0,.and 14.2.3’, 4', 6.08 the semt- 
circles, draw lines to intersect the aforesaid perpendic- 
ulars. The intersections are points of the helixes, those 
made with lines 7-1, 2-2, 3-3, 4-4, 5-5, belonging to the 
top of the thread, those made with lines 1’-I’, 2-2’, 3'-3', 
4'-4', 5'-8', belonging to the bottom of the thread, as shown 
in Fig. 21. Through the points which have thus been 
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located, draw a curve, as shown, using for this purpose the 
irregular curve. The remaining outlines of the thread can 
be drawn in the same manner; but an easier and quicker 
method is to cut a curve, of the same shape as those already 
drawn, out of bristol board or cardboard and use it as a 
templet. It will be noticed that the part of the curves 
between points 2 and 4, and 2’ and 4’, respectively, is very 
flat; it isso nearly a straight line that it may be so considered 
and drawn, so that the irregular curve will have to be used 
only to delineate the parts 0-1-2, 0’-1'-2', 4-6-6, and 4'—5'-6" 
of the helix. The student will do well to draw the straight 
portions of the helixes first, and to employ in doing so his 
two triangles in the manner shown in Geometrical Drawing, 
the lines being parallel, and then to join on the curved 
portions. 

Draw two other lines (see Plate) parallel to the center 
line and 14’. + 2 = ?” from it; these lines will be dotted 
and determine the location of the hole through the hub. 


%3. The top view of the worm is shown above the figure 
just constructed, and consists mainly of circles, the center 
one showing the hole, the next one the diameter of the hub, 
and the outer one the outside diameter of the screw. This 
view is located with its center on the extended center line 
of the lower view, letting the center of the concentric 
circles be 24” below the upper border line. When the 
thread is cut in the lathe it runsout, on both ends natu- 
rally, into thin edges which are afterwards rounded off more 
bluntly. This is shown conventionally by the curves in the 
plan and elevation; see £2’, Fig. 21. 

A keyway ;3,"' deep and 3" wide is cut through the central 
part of the worm in order to keep it from turning on the 
shaft on which it will be placed. This keyway is plainly 
shown in the plan, and is indicated in the elevation by 
dotted lines. 


74. Part 2 on Plate 1004 is a triple-threaded, adjusting 
screw with a tapered hexagonal head, and is drawn full size. 
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It is also shown broken at two points, since if shown in its 
full length, a smaller scale would be necessary. 

Draw a center line parallel to and 9” from the left-hand 
border line. The method of constructing the screw is the 
same as that shown in con- 
nection with the worm, ex- 
cept that the thread is square 
instead of V-shaped. The 
pitch or distance between 
corresponding points of the 
same thread is 17”; the depth 
of the thread is #,", and the 
width of the thread at base 
and root is 3". Three sep- 
arate curves are constructed, 
there being three separate 
threads. (If the screw had 
been a double or a quadruple 
one the number of divisions - 
chosen for the semicircles would properly have been 8, for 
in laying out the topsand bottoms of the threads one would 
have obtained already 4 or 8, respectively, of the required 
divisions of the pitch, as shown in the accompanying sketch, 
Fig. 22, where the dotted lines indicate the paths of the two 
threads.) A templet can be made as before, after one of 
the threads has been fully constructed. 

In order to properly construct the tapered hexagonal 
head, it should be noticed (see Plate 1004) that the dimension 
given is 13” across flats at a point 1’’ from the end of the 
adjusting screw, the rounded top portion not being con- 
sidered in dimensioning. Locate the point ¢c on the center 
line, Fig. 23, 3” below the upper border line, and draw 
through it a perpendicular a4. With the point ¢ as a 
center, draw a semicircle 1?” in diameter, this being the 
dimension across flats, and using the 60° triangle and 
T square, draw tangents to the semicircle to locate 
points a, 6, x, and _y; through the points x and y draw lines 
parallel to center line and intersecting a4. These points 


| piten quadruple thread) — 
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determine the points in which the lines defining the edges 
m of hexagonal head inter- 
sect ab. 

Tosrdete trimer tie 
proper taper, draw a 
linea’ b', Fig. 23, 43” (see 
Plate) from and parallel 
to ab, and proceed as 
before, in the present in- 
stance drawing a semi- 
circleon the linea’ 0’, with 
a diameter of 2%”, that 
being the distance across 
the lower sides: of the 
flats. Find the. points 
of intersection in the 
same manner as_ the 
points of intersection at 
top are determined, and 
corresponding toa, 4, y, 
andd. The tapered por- 
tion being so long that 
it cannot be conve- 
niently shown upon the 
drawing, it is broken; 
consequently, the lines 
that have been penciled 
will not be fully drawn, 
the top portion only of 
the tapered lines being 
drawn. 

In order to draw the 
lower portion, locate the 
line 7s perpendicular to 
the icentersline wand vat 
some convenient point, 

i for instance 28’ below 
Pires ab. Project the points 
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already located for the lower portion of the hexagonal por- 
tion of the adjusting screw; then draw lines through these 
points parallel to the tapering lines already determined for 
the top portion. 

The methods of constructing curves at the head and base 
of this hexagonal portion of this screw will be the same as 
those used in the preceding plate in laying out the hex- 
agonal bolts and nuts. 


75. Part 3o0n Plate 1004 is a helical spring, drawn full 
size. It is made of 4” square steel wound around a 2" man- 
drel in such a manner that 
4" space remains between the a’ cf i a’ 6° 
turns for the play of the 
spring. The curves formed 
by the edges of the twisted S 
steel bar are helixes, as ina ais 
screw thread, and have a 
pitch equal to the height of 
the bar plus the clearance, — 
or $7 -+4" = 3". To draw 
the spring proceed in a man- 
ner similar to that employed g h 
in drawing the worm, laying | 91 |7” 
out, Fig. 24, the top and 
bottom lines, ¢%, &/, op, etc. Y 

\ 


of the coil, the distance 272 
being 4”, 7p being 4”, pv be- ‘a 
ing $”, etc., and then con- 
structing the helixes. The 
latter are very flat, and it will 
be sufficient to determine just 
one point of the curves on 
each side near the extreme 
right and left, the rest being 
indicated by straight lines. To determine these points, 
draw in the plan, the center of which is located 475" above 
the lower border line, two radii oa and 03, Fig. 24, with a 


s 


n 
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30° triangle, and draw parallels aa’, cc’, dd’, and 00’ tothe 
center line m2 from the intersections of the radii with the 
circles. Since the angles aos and dos' are 30° = 3°, = 35 of 
a circle, the pitch would be divided into 12 equal parts, were 
the helixes drawn exactly correct. Hence, on each side of 
the top and bottom lines of the coil lay off points é’, e”, 
tT’, f', etc., the distances ec’, ee”, etc., being ~y of the 
pitch, or in this'case, #7 = 12 =") Draw the eurveseng.2% 
Sig f", etc. freehand, making them look well and uniform 
in outline. Do the same on the right-hand extremities of 
the helixes and connect the proper curves by straight lines, 
as shown. 


76. This Plate serves to give practice in representing 
helixes. It would not be bad practice, however, to repre- 
sent the curves wholly by straight lines, especially if the 
drawing must be quickly made, and particularly in the case of 
parts 1 and 3, in which the curves are very flat. In the case 
of part 2, the substitution of straight lines for the curves 
would look somewhat awkward on account of the large 
pitch. 

In a hurried drawing, one would then perhaps draw this 
part to a smaller scale, when the substitution of straight 
lines for the curves would be less objectionable; or the 
thread may be represented in the conventional form shown 
in Fig. 1, Plate 1003, and a note added calling for a triple 
thread. 


PLATE 1005, TITLE: 
HAND WHEEL AND PULLEY 


“7%. The objects to be drawn on this Plate are shown in 
half-tone reproductions of photographs, Figs. 25 and 26. 
Attention is called to the relative size of the hand wheel, 
part 1 on Plate 1005, and the pulley, part 2. The latter, it 
will be noted, is much larger than the former, but appears 
smaller in the drawing, being drawn to 1 scale, while the 
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hand wheel is drawn fullsize. This plate affords an illus- 
tration of a very common 
practice of showing standard 
parts on a very much reduced 
scale, while those less com- 
monly used are drawn full 
size or as nearly so as may 
be possible. 

It will also be noticed that 
a third part called for in 
the title is not shown on ieee 
the drawing; this is a_ set- ep! 
screw 8’ in diameter, 11 threads to the inch, a common 
and commercial article, which is fully understood from 


Fic. 26 
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the description in the bill of material given thus: 
‘¢ "11 setscrew.” 


%8. On this Plate finish marks are introduced, being 
indicated by the letter /, showing that the surfaces are to be 
machine finished where the marks appear. 

Where it is desired to show a finish for a portion of a 
surface only, as on the rim of the hand wheel, the finished 
portion is limited by lines between which the finish line is 
drawn, as shown on the right of the lower figure represent- 
ing a sectional view of the hand wheel. 


79. It is also frequently desirable or necessary to show 
some portion of an object more in detail than is necessary 
on the rest of the figure; this is illustrated in the cross- 
section of the pulley at the point G/ and drawn full 
size below. A section of this sort when not shown as 
a regular part of a drawing, may be put at any convenient 
place on the sheet, near to main views of the part drawn, 
if possible. 


80. On the plan (top view) of parts 1 and 2, cross- 
sections of the arms are indicated at points near the hub and 
rim in the hand wheel and midway between hub and rim in 
the pulley; these sections show that the arms are oval 
in shape, the thicknesses being given in the lower views— 
3'’ in the hand wheel and 8” in the pulley. 

To draw the Plate proceed as follows: Starting with 
part 1, draw a horizontal center line mx, Fig. 27, 5’ from 
the upper border line, and a vertical center line pg, 44" from 
the left-hand border line. With the point o of the inter- 
section of these two center lines as a center, draw a circle 
14” in diameter, showing the end view of the hub; next 
draw a circle 1?" in diameter; this indicates the enlarged 
portion of the hub where the arms join it. Next draw a 
square 8’ on each side, whose center corresponds with the 
center of the hub; this indicates the end view of the hole 
that is put through the hub. Draw the external outline 
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of the hand wheel, which is a circle 72" in diameter, and 
then the internal outline, a circle 51" in diameter. Then 


P 


Fic. 27 


draw the arms, which are made up of circular arcs whose 
centers are located by giving their distances from the cen- 


ter lines. Leave the plan for the present and proceed to 
39—10 
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draw the lower view, which is a section taken on the center 
line 7 7. 

The lower view is what is called a conventional section, 
and the sectioning indicates that the material is cast iron; 
this is verified by reference to the bill of materials. The 
rim is cut on the horizontal center line, and so is the square 
hole in the hub, but the hub itself is represented as being 
cut on a line passing between and free of the arms. This is 
done to avoid drawing the curves that would result in cut- 
ting the arms by a true central section, which would entail 
useless labor. Moreover, the conventional section allows the 
round outline of the hub to be shown at its enlarged central 
portion between the arms. 

Draw a horizontal center line 7s, Fig. 2%, 22" from the 
bottom border line. On this center line lay off to the right 
and left of the point of intersection ¢ with the vertical 
center line pg, 74" +2—1" + 2 = 81”, locating the centers 
of the circles representing the sections of the rim. Draw 
horizontal lines tangent to the 1’ circles; lay off from the 
upper line 14” downwards, the length of the hub, and draw 
the bottom line of the hub. From the upper figure or plan 
carry down vertical projection lines representing the square 
hole; also draw similar lines tangent to the circles repre- 
senting the hub. Next lay off 2" + 2 = +," each side of 
the center line 7 s, and draw the horizontal lines, limiting the 
thickness of the arms. 


81. Round Corners and Fillets.—The figures are 
now completed except the sections of the arms in the plan, 
or upper figure, the curves representing the enlarged por- 
tion of hub in the lower figure, and the various small 
circular arcs rounding off the corners. The latter will be 
drawn first, using the radii given on the Plate. Sharp cor- 
ners are always avoided in machinery, especially in castings, 
unless called for by special reasons. Corners are, there- 
fore, rounded off. In the case of concave corners the 
patternmaker often resorts to the use of some plastic mate- 
tial, such as putty, strips of leather, or even lead to fill in 
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the corner so as to round it. From this practice the round- 
ing out of a concave corner is called a fillet, and this term 
has come to be applied to the little circular arc used by 
the draftsman to represent it. 


$2. Next draw the rounded outlines of the enlarged por- 
tion of the hub. Through the points of intersection with 
the horizontal center line7s, and the tangents to the circles 
in the plan defining the hub, draw circular arcs tangent to 
the fillets, circles joining the atm to the hub, as shown in 
Fig. 2%. The drawing of these circular arcs will require a 
little trying before the proper radius is found; the centers 
lie on 7 s, of course. 

Lastly, draw the cross-sections of the arms in the upper 
figure. As said above, the arms are elliptical or oval in 
section. They are so, however, only the greater part of 
their length; at their ends they are smoothly joined to the 
rim and hub respectively, the ovals thus gradually flaring 
out to run over into the surfaces of the rim and hub. This 
joining need not be shown further than indicated by the 
fillets; the patternmaker will know how to proceed. The 
cross-sections are taken in the portion of the arm where they 
are sure to be truly oval. 

The section in the lower part of the figure is taken 
on a line cd (see Fig. 27) passing through the centers 0’ 
and o” of both circles outlining the shape of the arms. 
The cutting plane is thus perpendicular to both these 
curved outlines. The other section in the upper part of 
the figure near the hub is taken }” from the hub (where 
it is sure to be truly oval). This section cannot be perpen- 
dicular to both outlining circles, as the cutting-plane line 
cannot be made to pass through both centers. ‘Therefore, 
a cutting plane a0 is chosen midway between a plane o' x 
passing through center o’ and a plane o” y passing through 
the center 0”. 


83. It will be noticed that for some circles the radii are 
given, and for others the diameter. No general rule can be 


\ 
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made to apply to the choice of dimensions of this sort 
except the general one that dimensions that will be.of ser- 
vice to the machinist will be given in diameters, and those 
that will be of service to the patternmaker should be given 
as a radius; machinists use calipers to determine correct 
diameters, while the patternmaker lays out his work from a 


radius dimension. It will be noticed also that the dimension 
for the bore of the pulley is written ina manner different 
from the others; that is, it is not indicated by means of 
a line with arrowheads on both ends. The word Jdore 
indicates that the pulley pattern provides for a hole 
much smaller, so that it can be bored out for smaller 
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shafts, if so desired. The dimension given (1}”) is for 
the machinist. 


84. Part 2 is very similar in shape to part 1, except that 
it is much larger, that the rim is flat—because it is intended 
to carry a driving belt—and that the arms have straight 
outlines. Being much like the hand wheel otherwise, the 
pulley is drawn in much the same manner. The scale used 
ise ==) 1 Et, 

Locate the horizontal center lines m2 and s (see Fig. 28) 
33’ and 7}, respectively, from the upper border line, and the 
vertical center line fg 43” from the right-hand border line. 
Draw circles about 0 representing the outside and inside of 
the rimand hub. The outside of the rim will be represented 
by two circles, an outer one 20’ in diameter giving the out- 
line of rim at the center, and an inner one with a radius 
4" smaller giving the outline at the edge. Making the rim 
higher in the center is for the purpose of keeping the belt 
from slipping off. The amount of rise in the center, that 
is, the difference between the radius at the edge and that at 
the middle, or what is the same thing, the difference between 
the thickness of the rim at those two points is called the 
crown of the rim, which is seen from the small section at 
the right-hand lower corner of the drawing to be #"" — 33," 
= 4". The inside of the rim is perfectly straight and 
appears therefore in the plan as a single circle drawn with a 
radius 3%," smaller than that of the outermost circle. The 
outside of the hub is also represented by two circles, 3’’ and 
34". in diameter. The diameter of the bore is 12”. 

Now draw the arms. Lay out the center lines a0, a' d' of 
the four arms not vertical, by means of the 60° triangle. 
They are tapered, and the small end of each at the rim is 
13” across on tangent to the inside circle of the rim; the 
large end is 2’ across at a point 23” from the center. By 
these dimensions the taper of the arms is established. 
Hence, draw a perpendicular to the center line of an arm, 
tangent to the inside circle of the rim and lay off on it 
points ¢ and d 13+ 2 = 44” from the center line on each 
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side. Draw another perpendicular 23” from the center and 
lay off on it points e and f 1” from the center line. Draw 
the lines ce and df. The limiting lines of the arms are 
joined at the inner ends by circles of ;%,” radius, lines of 
adjacent arms being tangent to them. The outer ends of 
the arms are joined to the rim by fillets of +" radius. 
Draw in all these fillets. Draw the oval section of the 
arm at fz, Fig. 28, midway between center of pulley 
and rim. 

Next draw the lower figure, a sectional elevation, by pro- 
jecting from the plan the various diameters of rim, hub and 
hole, and then laying out the width of the rim, the length of 
the hub, and the thickness of arms, exactly as was done in 
the case of the hand wheel. 

Note again that only the hub and rim are shown in cross- 
section on lower view, as it is common practice not to show 
the arms or any part of them in cross-section, even though 
a cutting plane be passed through them. Notice also that 
although the web formed around the hub by joining the arms 
by fillets is intersected by the cutting plane, it is not shown 
in the section, the outer lines of the hub being drawn 
straight across. 

There should be no difficulty in drawing the large detail 
section G // of the rim. 

The holes #, & indicate the positions of the two 8” set- 
screws mentioned in the bill of materials, which fasten the 
pulley to the shaft. The full circles indicating these 
holes are surrounded by circles in dotted lines, this being 
the conventional method to indicate that the holes are 
tapped. 

When finishing the title and bill of materials, note that 
part 3 is called for, but is not shown on the drawing, it 
being a standard piece. 

Part 1 requires a pattern to be made. Hence, the pattern 
is designated by the number of the drawing, and being the 
first on the list in the bill of materials is marked 1005-A. 
This fact is indicated in the bill of materials by the word 
fattern, and being the first on the list it is marked A. 
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The pattern itself is designated by the number of the draw- 
ing and the letter given it, hence it is marked 1005-A. 

Part 2 can be cast from another pattern drawn from 
specifications furnished on drawing numbered 999 and 
marked Fattern E in the bill of materials. Therefore, in 
the space left for the word “‘ pattern” in the bill of materials 
and on the same line as the piece referred to, insert 999-£, 
thus indicating that a new pattern is not required. 


PLATE 1006, TITLE: 
COUPLING AND BEARING 


85. The upper figure shows an elevation and side view 
of a flange coupling used to connect two lengths of shafting. 
For example, suppose that in a shop or factory there are 
many machines to be driven froman engine. A belt is car- 
ried from the driving pulley of the engine to a pulley on a 
shaft overhead, which in turn is supported in bearings. 
This shaft is strung along the whole length of the shop over 
all the machines to be driven, and pulleys are carried on it 
from which belts transmit motion to the various machines. 
It is evident that such a long shaft cannot be made in a 
single piece and, therefore, it is put up in certain lengths 
that are connected by couplings. Such a coupling invari- 
ably consists of three principal parts, one that is securely 
fastened to the end of one shaft, a second that is similarly 
fastened to the end of the other shaft to be connected to the 
first, and a third part consisting of means to firmly fasten 
the first two parts together. 

In the flange coupling drawn on Plate 1006 these three 
principal parts are the flange numbered 1, the flange num- 
bered 2, and the bolts, of which there are six, numbered 3. 
The flanges are fastened to the shafts by keys, which pre- 
vent them turning thereon, and the bolts in turn fasten the 
two flanges together, so that the whole structure becomes a 
solid piece. The coupling is intended for two 2}” shafts, 
and both flanges are, therefore, bored out to that size. 
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The lower part of the elevation shows the coupling in cross- 
section with a bolt in position. The upper part shows the 
external view of the coupling, the dotted lines indicating 
the position of the raised boss on part 1 which fits into the 
recess in part 2, recess and boss insuring true alinement 
when the two parts which have been previously keyed to the 
shaft are bolted together. 

The two parts of the coupling are first bored and then 
faced up on the abutting surfaces; they are then clamped 
together, and _ the 
keyway is cut. In 
the side view it will 
be noticed that but 
one bolt is shown, 
and but two bolt holes 
in addition, a note 
being added stating 
thateetheres are yweci< 
holes equally spaced; 
this is common prac- 
tice on a_ working 
drawing, repeated 
parts being indicated 
only and not drawn 
in full. An idea of the appearance of the coupling when 
finished will be got from the half-tone view in Fig. 29. 


Fic. 29 


86. To begin, draw the center lines: a horizontal center 
line mn, Fig. 31, 3} (full size) from the upper border line 
across the whole sheet, 
serving for both the left- 
hand and. right-hand 
views; a vertical center 
line fg, 44” from the left- 
hand border line, repre- 
senting the joint of the 
two halves of the coupling; 
and a third center line 7s, drawn vertically 53” from the 
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right-hand border line for the right-hand figure, or side 
view. ‘The scale to be used is 6” = I'ft. 
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Draw the side view first. Describe a circle with a radius 


of 24+ 2 = 14”. from the intersection 0 of the center 
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lines mn and rs as a center; this represents the bore for 
the shaft. Next draw in the keyway, }’’ wide and }" deep. 
Two circles described from the same center and having 
radii of 5). 2 = 24" and 102?) +2 = 52) represent: the 
side view of the hub and the outside of the flanges, respect- 
ively. By reference to the lower half of the elevation it 
will be seen that the flanges are recessed, leaving a rim of 
only 3” in thickness. Hence, with a radius of 53" — 3” 
= 5’ and a center 0, draw a circle concentric with the out- 
side circle, to represent the inside edge of the rim. By 
means of the 60° triangle draw the remaining center 
lines a0, a'b' of the bolt holes and intersect them by cir- 
cular arcs having a radius of 33". Draw in the bolt holes 
in the lower half of the figure by drawing circles 1” in 
diameter. Draw the end view of a nut on the middle one 
of the lower three bolt-hole centers, according to directions 
given in connection with Plate 1003. 

The elevation is now to be drawn. On either side of the 
vertical center line fg lay off 5”, the length of hubs of the 
coupling, and draw vertical lines through the points 
obtained. Lay off similarly 24” and 1" on either side of the 
vertical center line and draw vertical lines to represent the 
edges of the flanges and the thickness of the webs of 
the flanges, respectively; the latter lines may, however, be 
quite short, as they appear only in the lower half of the 
figure. Now carry over from the side view, by means of 
the T square, two horizontal lines tangent to the outside 
circle intersecting the vertical lines limiting the width of the 
flanges. Carry over similarly horizontal lines tangent to 
the circle representing the side view of the hub. These will 
intersect the vertical lines limiting the lengths of the hubs; 
the lower horizontal will also intersect the verticals that 
limit the thickness of the webs of the flanges. A tangent 
carried over horizontally from the bottom point of the circle 
representing the outer outline of the rim will also intersect the 
verticals in the elevation completing the sectional outline of 
the coupling. Carry over the horizontal center line wv of 
the bolt from the end view and complete the drawing of the 


§ 14 MECHANICAL DRAWING 61 


bolt in the usual manner. Round off all sharp corners, 
using radii as given on the plate. The right-hand half of 
the coupling hasa circular recess 4"’ in diameter and 53," deep 
bored in it; draw this by laying off on either side of the 
horizontal center line mx, 4" + 2 = 2", and on the right of 
the vertical center line pg (or, what is the same thing, the 
face of the flange), lay off ;3,"", and draw the horizontals and 
a vertical, respectively, through the points. Represent this 
recess in the side view also, by drawing a dotted circle with 
a 4” + 2 = 2" radius. Into the recess of the right-hand 
half of the coupling just drawn fits a boss projecting 4” 
from the face of the left-hand half of the coupling; repre- 
sent this by drawing a vertical line }” to the right of the 
vertical center line fg. The verticals representing the 
bottom of the recess and face of the boss are dotted in the 
upper half of the figure, as they are hidden there. The left- 
hand half of coupling has also a circular recess turned in, 
smaller in diameter than the boss, namely 32"; it is 7’ deep 
measured from the face of the boss. Draw in this recess 
and round its bottom corners; also represent it in the side 
view by a dotted circle of proper diameter. Next carry 
over the top line of the shaft bore horizontally from and 
tangent to the circle representing the bore in the end view; 
this line must be dotted in the upper half of the elevation, as 
it is hidden from view. Finally carry over the bottom 
lines of the shaft bore and the keyway, shown in full in the 
lower half of the elevation. Put in the section lining and 


dimensions. 


8%. Part 4 on this drawing is a self-alining, self- 
oiling, dynamo bearing for a 24" shaft. In Fig. 30a half- 
tone reproduction of a photograph of this piece is given 
to enable the student to form a correct idea of its actual 
appearance. A shaft bearing, generally speaking, is a sta- 
tionary machine part having a hole into which fits, and in 
which turns, a movable cylindrical piece, the shaft. Upon 
a shaft are carried other machine parts designed to turn 
with it, as, for instance, the armature ina dynamo. There 
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are generally two bearings. to a shaft of a machine, one on 
each side of the part carried by the shaft. In order that 
‘the shaft may turn freely, the two bearings must be exactly 


FIG. 3% 
in line all the time. To insure this against any possible 
distortion of the machine frame or bending of the shaft, 
bearings are often made, as the one here represented, self- 
alining; that is, they are so located im the frame that they 


S' Wii 


can adjust themselves to any slight variations. The bearing 
here shown has for the purpose a spherical* boss a, called 


* Strictly speaking, the boss is not spherical, being only a part of a 
sphere. However, for practical purposes, it is very convenient to 
refer to any part of a sphere, except half a sphere (hemisphere) as a 
sphere or ball, and this practice wall be followed throughout this 
paper in cases of this kind, unless some other designation is con- 
sidered advisable. 
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the dal/, Fig. 32, the center of which rests in a correspond- 
ingly hollow seat, called the socket, in the machine frame, 
shown in Fig. 33. As it rests there, movable of course, 
friction would be liable to cause the bearing to turn with 
the shaft. To prevent:this, a slot is cut across the boss 
at a, Fig. 32, into which fits a pin projecting from the sta- 
tionary frame, Fig. 33. 

When two surfaces move, one on the other, they 
necessarily rub each other, producing friction, and this 
not only consumes power, but creates heat and is lia- 
ble to injure the surfaces. The amount of friction varies 
between different materials, certain combinations offering 
less friction than others. It has been found that steel 
shafts move with a comparatively small amount of fric- 
tion on a softer metal. So bearings are usually lined 
with Babbitt or similar material. The great expedient, 
however, to reduce friction, is lubricating the surfaces 
with oil, which lubrication must be kept up constantly. 
To reduce the necessary labor of the attendant and to 
insure constant regular lubrication, bearings are often 
made self-oiling; that is, are provided with means by 
which the oiling is done automatically. In the bearing 
shown this is done by hanging over the shaft loose rings 6 
that dip into a reservoir of oil, as indicated in Fig. 33. 
When the shaft turns the rings turn with it by~ adhe- 
sion and carry enough oil from the reservoir to the top 
of the shaft to properly oil it. In order that the rings 
may rest on the top of the shaft, the bearing proper 
must have slots ¢c cut into it, as shown in Figs. 32 and 33, 
and on the plate. The bearing shown is made of cast iron 
and is babbitted inside, the Babbitt being held in place 
by dovetailed circular recesses at the ends, shown in the 
left-hand half of the elevation, and longitudinal recesses 
8" wide and 3;"’ deep, shown in the side view; the bab- 
bitting is ordinarily done on a mandrel smaller in diameter 
than the finished bore of the bearing.. After being bab- 
bitted the bearing is accurately bored and finally finished 


on the outside. 


64 MECHANICAL DRAWING 8 14 


The left-hand half of both views is shown in section, the 
right-hand half giving the external view Oil grooves are 
not shown in the drawing and are omitted from all working 
drawings when regular shop practice is to be followed, only 
being added to drawing if special instructions are to be 
given. 


88. In delineating the bearing, which is drawn half size, 
proceed in much the same manner as with the coupling. 
Draw the center line ## (Fig. 32) 28'’ from bottom border 
line and two vertical center lines, one fg 43” from the left- 
hand border line for the elevation, and another 7s 102” 
from the left-hand border line for the side view. Begin 
with the end viéw, completing it as far as possible, before 
starting the other view. Thus draw circles with o as a 
center, 52”, 4”, 33”, 3”, and 22” in diameter to represent, 
respectively, the circular outlines of the spherical boss in 
the center of the bearing, of the body of the bearing, of the 
outside of the Babbitt lining, and the bore. Next lay off 
4" from o downwards and draw, with o’ as a center, a cir- 
cular arc with a radius of 2”. This circular arc cuts into 
the circles representing the body of the bearing and the 
bore atc and @. Round off the sharp corner at d@. Draw 
the 8,’ slot on top of the rounded boss. Draw the longi- 
tudinal recesses for the Babbitt 3"’ wide and ;3,"’ deep, their 
centers 45° from the horizontal center line #7. Section-, 
line the Babbitt and bearing section. This view is now 
complete with the exception of one circle, namely, that 
representing the edge of the boss, the radius of which will 
have to be obtained from the other view, now to be drawn. 
Carry over horizontally from the end view the lines limiting 
the diameters of the boss, bearing, Babbitt lining, and bore, 
tangent to the circles representing these parts in the end 
view. Lay off right and left from the center line pg the 
various distances limiting the length of the body of the 
bearing, the boss in the middle, and the lengths of the dove- 
tails of the Babbitt lining. Likewise, lay off 2" on either 
side of ~q for the center lines ¢w and vw of the oil-ring 
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slots. Lay these out next. It will be noticed that they are 
narrower inside, near the shaft by +’ than at the surface of 
the bearing. Carry over from the side view a horizontal 
line through d, which will intersect ¢w and vw at x and 4’, 
respectively. Lay out the bottom width of the slots at 
this point, 7,”, thereby finding the points &, 7, #', and /. 
Carry over a horizontal from the side view through c, which 
intersects ¢w¢ and vw at y and y’, respectively. Lay off the 
width of the slots at this point, 4. Draw verticals from 
the points f, g, 7’, and g' to the upper limiting line of the 
bearing and intersecting it; from the points of intersection , 
2, h’, and 2’ draw lines to the points &, /, &’, and 7’; also, 
lines fk, gf, f'k', and g'l’. With 2, the intersection of the 
center lines mx and fq, as a center, draw circular arcs 
limiting the outside of the spherical boss, the radius being 
obtained by carrying over from the side view or by meas- 
urement, 54 + 2 = 2;%,".. The arcs intersect the verticals 
limiting the length of the boss in points which finally give 
the radius for a circle to be drawn in the side view to 
represent the edge of the round boss. Put in the section 
lining, using the proper lines for cast iron and Babbitt. 
Notice that the boss is section-lined all through in the 
bottom half of the figure, but only up to the bottom line of 
the slot a in the top half, showing that the slot runs all the 
way through the boss. 

In completing the drawing, fill in the title and note 
that two patterns are necessary for the coupling, pattern 
for 1, being A, and for 2, 4. Also note that six 1” bolts 
31’ long with nuts are required and are called for in title 
or bill of material. 

The part numbered 4 is made of cast iron, from pattern C, 
the Babbitt afterward being melted and poured about the 
‘mandrel previously spoken of, this mandrel being held in 
positicn inside of the casting while the bearing is being 
babbitted. 
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PLATE 1007, TITLE: 


COMMUTATOR 


89. This Plate shows the detail drawings and the 
assembly drawing of an electric railway-motor commutator. 
It is composed of a 
Sire n= pare lb wea 
clamping ring, 
part 2, these two 
parts being drawn 
together by eight 
bolts, thereby clamp- 
ing the 100 commu- 
tator bars shown by 
the --part 3 The 
latter are separated 
from each other by 
mica insulation 
sheets .03” thick and 
are also insulated 
both from the shell 
.and the clamping 

ring by mica rings 
35 thick. An idea of the general appearance of the com- 
mutator may be had from Fig. 34. 


Fic. 34 


90. The commutator shell, part 1, is to be shown in the 
right-hand upper corner of the Plate by means of an end 
view and a sectional elevation. Eight holes for the clamp- 
ing bolts are symmetrically arranged in the manner 
shown and are to be countersunk. ‘The shell is made of 
steel, cast from pattern 1007-A. A keyway is cut in one 
end of the shell, extending into it for a distance of 24”, 
being 3” deep and $8" wide. In the sectional elevation 
no outlines of hidden parts are shown, except such as 
may serve to make the drawing clearer. This is always 
desirable when lines unnecessarily complicate the drawing 
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without adding any information of value regarding the 


Ge “OI 


This part is to be 


construction of the piece represented. 
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finished all over, as indicated by the note between the 
two views. 


91. Begin by drawing a horizontal center line 38” below 
the upper border line, extending across the whole width of 
the Plate. Draw the vertical center line of the end view 3}" 
from the right-hand border line and with the intersection 9, 
Fig. 35, of these lines as a center draw the various circles 
outlining the bore and the receding surfaces of the shell, 
with the diameters given in the sectional view of the draw- 
ing. The scale to be used is 6’ = 1 ft. With a radius of 
63" + 2 = 3,3,", draw a circle, around which the centers of 
the eight holes for the clamping bolts are to be symmetri- 
cally located and which are spaced equally distant apart, 
as indicated. The position of the center line of for the 
keyway is obtained by drawing two circular arcs with a 
radius greater than half the distance between two adjoining 
holes and connecting the point of intersection & with the 
center o. It will be noticed that each full-line circle 
representing a bolt hole is concentric with two dotted cir- 
cles, which represent the outlines of the countersunk parts - 
of the holes. 


92. Next proceed to draw the sectional elevation of the 
shell by drawing a vertical line, representing its right-hand 
end, 2” to the left of the end view. Draw another vertical 
line 94” to the left of the first, thus obtaining two lines that 
limit the length of the shell. Parallel with these lines 
draw others that pass through the various external edges of 
the shell. By projecting horizontal tangents from the top 
and bottom points of the circles in the end view which repre- 
sent similar edges, and letting them intersect corresponding 
verticals in the sectional elevation, the exact locations of the 
edges are determined. Proceed to outline the internal sur- 
faces of the shell, the bore, and the keyway in a similar 
manner, 


93. It will be noticed that.on this Plate several dimen- 
sions are given to thousandths of an inch. Most of these 
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dimensions refer to the clamping surfaces of the shell, 
clamping ring, and commutator bars. These parts are 
turned to fit gauges prepared by the toolmaker, who lays 
out the gauges and makes them suit the dimensions given. 
The purpose of giving these dimensions so exactly is to call 
attention to the fact that great accuracy is required and 
that measurements at these places are to be determined 
either by gauges or with micrometers. This practice of 
giving accurate dimensions in decimals and approximate 
dimensions of a machine part in halves, quarters, eighths, 
sixteenths, etc., of an inch, is now largely adopted in the 
better class of drafting rooms, the purpose of its adoption 
being to show the workman at a glance which parts of a 
machine part require to be very accurate and which do not, 
thus tending to prevent the waste of time incidental to 

needless accuracy. 
In regard to laying off on the drawing dimensions given 
in decimals, lay off to the nearest 64th inch, actual meas- 
urement. This is ascertained in the following manner: 
Consider the dimension 9.416" in the sectional elevation of 
part 1. As the scale used for drawing this is 6” = 1 ft., or 
one-half size, the actual distance to be laid off using a full- 
size scales 9.416" = 2 = 4.708" = 4". -708"",. But -:708” 
45.312” 


expressed in 64ths is .708” x $4 = ees 45’ to the 
nearest 64th inch. Hence, the actual distance, measured 
with a full-size scale, is 448". Again, part 3 is drawn full 
size; hence, the dimension 1.594'’ expressed to the nearest 
; : : ; 38.016" 
64th inch is 13%’, since .594" = 1594" x $4. = 64 


= 38’ to the nearest 64th inch. 

To find the nearest 64th inch corresponding in value to a 
dimension given in thousandths of an inch consult Table V, 
found at the end of this paper under Useful Tables. 


94, Among the parts demanding great accuracy is the 
clamping surface indicated by the lines 7 4 and 7’ /', Fig. 35. 
The correct position and inclination of this surface is 
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determined in the following manner: Draw a vertical line 
at a distance of 3.692" from the left-hand end of the shell 
and intersect this line with two horizontal lines 9.710” apart 
and equidistant from the horizontal center line, thereby 
locating the two points z, 2’. From these points draw 
lines rf and 7’ #' at angles of 30° with the axis of the shell 
or with a line parallel to the axis, such as the line £7. Now 
draw a vertical line dd’ 3,5," from the left-hand edge of the 
shell and find by trial a radius and center such that an arc 
can be described tangent todd’, hr,and7z7. Also, drawa 
line parallel to and §'' to the left of dd@' and witha radius of 
=,’ find a center from which an arc may be described tan- 
gent to this line and tangent also toxr and/k. So proceed 
with the upper half. 


95. As the countersunk parts of the holes intersect the 
inside of the shell where it is cone shaped, the outlines of 
the holes will appear elliptical instead of circular, as indi- 
cated by the curves a, 0, and c. 

The outlines of the apertures a, 0, and c have been care- 
fully defined by a number of points found by the principles 
of projection. It is not necessary for the student to repeat 
this construction; he may. limit himself to a few points only 
and by means of these draw the curves, approximately, free- 
hand. The method of laying out the curve for the aper- 
ture @ is identical with that for 4 and c. Connect the 
points e, and /, by a straight line; the extreme points of the 
curves will be situated on this line. Likewise connect 
points ¢, and /,, on which line, points limiting the width of 
the various curves are to be located. The line ef is the 
end view of the circle 7 m,. From the points a, a,, where 
this circle intersects the largest of the circles representing 
the hole a, draw perpendiculars to the line ¢,f,. The 
points of intersection a@,, a, are two points on the curve, 
limiting its extreme width. To find the point a, at the 
extreme end of the curve, produce the line ee, until it 
intersects the horizontal center line of the two views at 2. 
Project the center @,, in the end view, on the line ¢, f,; the 
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points of intersection a, will be the center of the curve. 
Draw a line through m and a,, intersecting line e, f, at a,; 
this point is the extreme end of the curve. Assuming that 
the corner at point g is a sharp corner, project this point to 
the vertical center line of the end view, and through the 
point thus found draw the circular arc 7,2, with o as a 
center. This is part of the end view of a circle represented 
by the line fg. From the points where this arc intersects 
the circle @,a,, draw perpendiculars to the line pg; the 
points of intersection a, and a, will then locate the inner 
ends of the curve. Connect the points a@,, @,, @,, @,, and a, 
by a curved line, drawn frechand; the result is the outline 
of the aperture a. 

The location of the curve representing aperture @ is 
somewhat easier to find. From the points of intersection 3, 
and 6, between the circle #22, and the circle indicating 
the hole 4 in the end view, draw perpendiculars to the 
line e, f,, thereby locating the points 0,, 6,. The point of 
intersection between the line ¢, f, and the horizontal center 
line of the views gives point 4,. To locate the points 4,, 3,, 
draw perpendiculars, intersecting the line fg from the points 
of intersection between the arc / /,, and the circle J, 4,. 

It should be noted that while the lines ¢, f and fg are 
here represented as straight lines, they should in reality be 
flat curves with their convex sides toward the horizontal 
center line of the view, because the elliptical curve, here 
shown in side view, is not located ina plane, but ona conical 
surface. 

Attention is also called to the fact that while in this case 
the left-hand part of the end view has been used for projec- 
tion, it is really the right-hand half that is represented in 
the sectional elevation. The left-hand half was used to 
avoid drawing projection lines across the whole of the end 
view. 

Outlines of holes, as the above, or curves indicating the 
junction between intersecting parts, are generally drawn 
in the manner just described, partly to save time and also 
because such curves are bound to appear with the proper 
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outlines and in the correct positions on the finished part, 
as a result of the process of manufacture, irrespective of 
how they are indicated on the drawings. But there are 
occasions when the draftsman desires to project such curves 
in their true form, and he should therefore be prepared to 
do this with ease and accuracy. 


96. The clamping ring, part 2, is also made of steel, 
cast from pattern 1007—B, and slips over the shell at d, as 
shown in Fig. 38. It is shown in a sectional elevation and 
an end view, and the horizontal center line, common for 
both, should be 3,” above the lower border line. First 
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draw the end view, locating its vertical center line 6,3," from 
the left-hand ees line. It is noticed that the nents in 
full lines, indicating the holes, are surrounded by circles in 
dotted lines. The latter indicate the diameter at the bot- 
tom of the thread in the hole, here 5%", or what is the same 
thing, the diameter of the bolts at the top of the thread. 
The full-line circles indicate the top of thread in the hole 


or the diameter of the drilled hole, which is .454"”, or 
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about #}”. Aspace of 1,3,” (full size) should be left between 
the end view and the sectional view of the clamping ring. 
In the latter view the tapped holes, shown in cross-section, 
should in reality have 12 threads per inch, but owing to the 
small scale to which they are drawn, it is difficult to repre- 
sent the full number, and they were therefore drawn as 
shown. The method of. laying out the surface gh, Fig. 36, 
with an inclination of 30° to the horizontal center line, is 
similar to the one described with reference to Fig. 35. 


9%. The commutator bar, part 3, is shown in an eleva- 
tion, an end view, and in a sectional view taken on line £4, 
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Fig. 37; it is drawn full size. These commutator bars are 
made in long strips and are sawed off to proper length. 
After being assembled mica strips are placed between the 
bars, and then the ends of the assembled bars are turned to 
fit the clamping ring and shell. The majority of the 
dimensions are very important and are therefore indicated 
by inches and decimals. Locate the bottom, or base, 
line pg of the commutator bar 3?” (full size) above the 
lower border line and draw the vertical center line &/ 
57," from the right-hand border line. Locate the center 
lines of the end view and sectional view 2}” and 14”, 
respectively, from the right-hand border line. The com- 
mutator bar is provided with the dimensions required by the 
toolmaker for making the gauges and by the machinist for 
turning it to size; consequently, some of the dimensions 
required for drawing it must be obtained by calculation. 
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The height of the bar along the line £/, Fig. 37, is given in 
the sectional view as 112”, but the length of the side mm! 
and the distance of the point # above the line fg must be 
found by calculation. The point #’ is located on a circle 
the diameter of which is 9.980’; as pg is tangent to a circle 
of 8.375’ diameter, the distance of m’ above pg is: 


” rie 
9.980" — 8.375" _ .8025”.. The length of the side 77’ is 


ae 
© ” tl 
found in the same manner and is: queer oa eaten 10725" 
With the exception of the side #m' and the recesses a and 
b, the two parts of the bar, as divided by the center line &/, 
are alike. The point a is located on the line ff’, drawn at 
an angle of 30° to pg, and its distance above pf g is found by 
means of the diameters given on the Plate. Other points, 
such as f’, are found by means of intersecting lines, the 
location of which are determined either by a diameter or a 
distance from one of the boundary lines. The dotted bot- 
tom line of the recess in the side mw’ is drawn with a 
radius of 1.5,” from a center located on mm!', the lower 
edge of the recess being 44” below the point mm. | 


98. Part 4 is one of the copper washers that fit under 
the heads of the clamping bolts, thereby making the com- 
mutator oil-tight and preventing oil getting from the bear- 
ing back of the commutator into the armature. The washer 
is shown in a plan view and a sectional elevation. The 
vertical center line, common for both, should be 5,3,” from 
the right-hand border line and the center of the plan view 
should be laid off on this line 13” above the lower border 
line. A space of ;%,"" should be left between the two views. 

The construction of parts 4 and 5 is not explained by 
means of any text illustrations, as the student should be 
able to complete the drawings of both without any supple- 
mentary instructions. 


99. Part 5 is one of the clamping bolts, the heads of 
which fit into the holes a, 0, c, e, fin the shell, as shown in 
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Fig. 35. These bolts screw into the clamping ring, and the 
remarks made about the threaded holes, as to threads per 
inch, apply also to the bolts. The center line should be 
643" from the right-hand border line and the under side of 
the head should be 28” above the lower border line. 


100. Theassembly drawing is to be located in the upper 
left-hand corner of the plate, on the same center line as the 
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shell, with a space of 3" between its left-hand boundary 
line and the left-hand border line. The upper half of this 
assembly drawing is shown in cross-section. Begin by 
drawing the shell in the upper half, projecting the various 
diameters over from the adjoining sectional elevation; then 
draw the clamping ring and the clamping bolt. The rela- 
tive positions of these parts are clearly indicated by the 
dimensions given in the assembly drawing. In Fig. 38 the 
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various mica rings, required for insulating the commutator 
bars from the shell and clamping ring, are indicated by 
letters 7, 7’, s,s’, ¢, and #. Each of these rings has a 
thickness of .063”; this dimension has been slightly exag- 
gerated on the drawing, which is permissible on working 
drawings. Those parts of the two mica rings 7, 7’ that 
extend beyond the ends of the commutator bars are securely 
fastened in place by twine, well shellaced. 

The lower half of this view, in which the vertical outlines 
may be obtained by projection from the upper half, may now 
.be drawn. But few commutator bars are shown in this 
assembly drawing, as it is not customary to spend the time 
required to indicate the position of ali the bars. To properly 
space the latter draw the semicircle adc, Fig. 38, with a 
diameter of 12’, that being the diameter of the commutator 
at the middle of the commutator bars. Divide the quarter 
circle dc in 5 equal parts, and the part next to 6 again in 
5 parts. At either side of these division lines, lay off one- 
half of the insulation thickness which leaves in each division 
a space equal to one bar. At the middle of this space mark 
off the width of the recess; viz., .102”. Lines projected 
across from the first 12 divisions will locate the first three 
bars in the assembly drawing. The projection of the arcs e 
are flat curves near the center line, gradually increasing 
in curvature as the segments get farther away, as indi- 
cated. 

In cases where it is desirable to lay off all the bars and 
every part of the same correctly, the following method 
may be pursued: Draw the semicircle adc as before, but 
add the two quarter circles, shown in Fig. 38, the outside 
one having a radius equal to the distance of the point mm 
from the commutator center, and the inside one with a 
radius equal to the distance between the bottom of the 
recess é, near the ear fand the commutator center. Divide 
the quarter circle dc as before, but continue the subdividing 
down to point c and make the dividing lines long enough to 
intersect all three arcs. In Fig. 38 this has been done only 
in the upper fifth of the arc. Projecting lines are now 
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drawn, as before, those from the inner arc indicating the 
lowest points in the groove. Through these points and the 
adjoining edges draw 
circular arcs, the 
radii of which may 
be found by trial. 
The pencil draw- 
ing is now complete 
and the Plate is 
ready to trace. 


PLATE 1008, 
TITLE: 


STEEL GIRDERS 
101. The meth- 


ods and conventions 
employed in making 
mechanical drawings 
are not all universally 
used in the various 
branches of engineer- 
ing, as, for instance, 
in structural engi- 
neering, which con- 
cerns itself mainly 
with the construction 
of columns, girders, 
braces, etc. used in 
the construction of 
bridges, modern office 
buildings, etc. Asan 
example of structural 
construction, theshop 
or working drawing of several special, built-up steel girders 
has been selected, by means of which the methods employed 
in the execution of this class of drawings will be shown. 
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Before proceeding with the drawing the student should 
familiarize himself with the names and purposes of the sev- 
eral parts, as given in the following description. 


102. Referring to Fig. 39, a perspective view of a- 
girder, the angles marked a,a@ are the flange angles, 
the upper pair forming the top chords and the lower the 
bottom chords of the girder. Connecting these chords is 
the web-plate J, while the vertical angles c, d, and e are 
known as stiffeners. The latter are required at the ends of 
the girder at c and e for the purpose of strengthening the 
web at the points where the girder is supported. At @ 
stiffeners are also placed to reenforce the web, because at 
this point the upper chord of the girder is supporting the 
concentrated load presented byacolumn. At f/f, f areshown 
packing pieces, commonly called fillers, from the fact that 
they are used to fill a space otherwise open, which is unde- 
sirable where a compactly built-up part is required. These 
fillers are used wherever it is necessary to rivet through a 
‘space that would otherwise be vacant. Reenforcing plates, 
such as g, are frequently used to further stiffen the web of 
a plate girder, at the places adjacent to the points of sup- 
port and beneath concentrated loads. The end 7 of the 
‘ girder is to be secured to a structural steel column, and for 
this purpose the angle-iron clips /, # and the holes 2z, z 
through the lower flange angles are provided. 

The structural girder under consideration is peculiar in 
that its depth is very small in comparison with its span, in 
consequence of which the girder is heavy for the load it is 
required to support. The necessity for keeping the girder 
shallow is that it may not diminish the headroom or height 
of the room beneath. 


103. All the little circles shown on the chord and stif- 
feners (see Plate 1008) represent rivets. Attention is called 
to the fact that some of these are shown black. Whenever 
a blackened circle is shown it indicates a hole and not a 
rivet and that the rivets belonging to these holes are to be 
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driven during erection; they are therefore known as field 
rivets. All other rivets are to be driven in the shop. 
When shown in elevation these holes are indicated by a 
blackened rectangle. Holes for field rivets are shown in 
the upper chord, Fig. 39, over the stiffener d and in the 
lower chord to the left of ¢ and d; also in the clips 2%. 
Wherever the field-rivet holes are hidden behind some 
other parts the holes are not blackened. For instance, in 
the main elevation of the girder, Fig. 40 (4), four rivet 
holes are shown above the stiffener d Of these the two 
central ones are partly hidden by the angles of the post 
resting at this place; one-fourth of each hole is therefore 
not blackened. As these four holes are not shown in sec- 
tion they should in reality be indicated by dotted lines; but 
in order to make the field rivets more conspicuous to the 
workmen the ordinary rules are departed from and the con- 
ventional method here shown is adopted, to indicate sim- 
ply the posztzon of the rivets. = 


104. The Plate represents the working drawings of four 
separate girders, the shortest being 15 ft. 2'’ and the longest 
17 ft. 84” in tength. It would evidently be impossible to 
show each of these girders complete and at the same time 
to a scale large enough to make a readable drawing, without 
requiring an unnecessarily large sheet. To obviate this the 
girders have been divided into several sections and some parts 
broken away, as being simply duplicates of the part remain- 
ing. In this manner one drawing may be made to represent 
four different girders. The method of indicating the places 
where breaks occur differs from that heretofore described. 
It is here indicated by drawing a line consisting of a long 
dash and a dot along the adjoining parts of the break. 
Adjoining sections need not necessarily be arranged in one 
row, but may be placed in several rows, in this manner 
making the drawing still more condensed. On this Plate 
the first section is placed by itself and the line of break 
marked with the line XX. The remaining three sections 
are placed in a row below, in which the first section also has 
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a line XX indicating that this end is to be considered as 
contiguous to the one similarly marked. The parts 
removed by the two breaks in the lower row contain a num- 
ber of rivet holes, which are spaced similarly to those in the 
remaining parts; it would therefore be superfluous to show 
EbomGhe scale'to be usediis 14" == 1 /ft, 


105. The distance between the centers of two rivets is 
called their pitch, commonly designated on the drawing by 
the word space. The space need not necessarily refer to 
the spaces between rivets in one row, but may also refer to 
spaces between alternate rivets in two parallel rows. For 
instance in the upper elevation, near the middle, are shown 
several spaces marked 44’, meaning the spaces between two 
alternate rivets in separate rows. In the lower elevation, 
beginning at the left, is found the note ‘‘31 alt. spaces 
@ 24" = 5-92"; this means that the drawing should show 
thirty-two rivets alternating in two rows and spaced 2}” 
apart. The rivets in each row have a pitch of 43”. The 
saving in length by this method is evinced by the fact that 
the drawing shows only nineteen spaces of the thirty-one 
required. It is customary to indicate not alone the space 
between the rivets and the total number in each series, but 
also the total distance between centers of the first and last 
rivet in one series, the note ‘‘5’-93"””’ in above note refer- 
ring to this distance. Each series is made up of as many 
rivets as possible without including rivets of a different pitch. 
As soon as a change takes place in the pitch a new series is 
arranged, as found, for instance, to the right of the note 
just referred to, where the following note is found: ‘17 alt. 
spaces @ 14” = 2’-14",” meaning that the spacing has 
been reduced from 24” to 14”. 


106. In the drawing, the four girders are designated by 
the marks £1, £2, F 1, and /2, but these marks are only 
to be found under the lower three sections, at which place all 
‘changes have been made both as to spacing of rivets and 
difference in length of girders. The left-hand parts of all 
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four girders, Fig. 40 (6), are alike and no distinction need 
therefore be made between them at this point. The 
marks £1, £2, #1, and /2 are shop marks and are usually 
painted on the work in white lead before they leave the mill. 
To them the erector refers in placing the work in position, 
as the marks correspond with similar marks on an assembly 
drawing used in erecting the work in the field. 


10%. The dimensions of the various angles used in con- 
structing the girder are not given in detail, they being 
unnecessary on a working drawing. All that is required is 
to give the size of the angles. The note on top of the left- 
hand part of the girder, ‘‘2 Ls 6” x 34” x 2''—0'-9" long,” 
means that the part indicated is made up of two angles, 
or Ls, having legs 6’’ and 33" long, respectively, each of 
which is 2” thick. These angles come in lengths of about 
15 to 20 feet and can afterwards be cut in smaller lengths, 
to one of which the length ‘‘ 0'-9"” refers. 

The fillers are also cut from long bars varying in width 
and thickness according to the space to be filled. For 
instance, the note ‘33 x 3” Pl1’-6"” at the head of the 
girder means that the filler plate is to be cut from a bar 
32’ wide by ?” thick, and to a length of 1 ft. 6”. 

It will be noted that the manner of indicating dimensions 
given in feet and inches on this Plate differs from that used 
on the other Plates described in this paper. Thus, instead 
of expressing 5 feet 64 inches as 5 ft. 641”, it is here expressed 
5-64", in conformity with the working drawing from 
which the Plate was made. The former method is to be 
preferred (see Art. 20), but if the latter is used, never 
omit the short dash between the feet and inches. 

In order to aid the student in drawing the angles in the 
chords, the dimensions of which are not fully given on the 
Plate, a sectional view of one, fully dimensioned, is given in 
Fig. 41. The radii of the fillet and corners are more or less 
arbitrary, the various rolling mills having their own standards. 

The rivets used in this girder have 3’ and 2” shanks 


4 
with heads 13” and 1,5" in diameter and ,%"’ and 32” high, 
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respectively. The holes for the rivets are generally punched 
is larger than the shank, the size of a rivet being indicated 
by the diameter of the shank defore the rivet isdriven. All 
2” rivets require holes 13” in 
diameter. The rivets when driv- -——-_— 6’ —__-_- 
en fill these holes; consequently [s.. 

them driven “size. ol. a “rivet 
= nominal size+ #,’.. At the 
places where field rivets are to 
bevdriven, the notes: ‘<15" holés” 
are to be found, indicating that . 
<” rivets are to be used. 


o" 


108. To draw the Plate, 
begin by drawing the sectional Fie. 41 
elevation of the girder, Fig. 40 (2). This section is taken 
along the line A 4, Fig. 40 (4), and shown as it would 
appear when looking along the girder from the right-hand 
end. Locate the center line mx 144” from the right-hand 
border line, and the top line of 33" below the upper border 
line. Lay off one-half the thickness of the web-plate 6 to 
either side of center line and draw the four angles @,, a,, a,, 
and @,, according to the dimensions given in Fig. 41. 

Between the upper and lower angles insert the two 
fillers 7, f'; then add the reenforcing plates g, g’, and, 
finally, the clips¢,c’. It should be noted that the reenforcing 
plates extend only to where the curve of the fillets on the chord 
angles begin, while the stiffeners have to extend clear to the 
angles of the top and bottom chords, and for this reason have 
their inner corners chipped off. Draw the center lines of the 
rivet holes, and indicate their location by blackened rectangles 
or circles (see Plate) where field rivets are to be indicated. 
Where the rivet heads are shown in side view indicate them 
by means of semicircles with diameters, as given above. 
On structural drawings it is not customary to indicate cross- 
sections by section lines; they are usually left blank or 
filled in entirely, either with ink or some dark color. If 
thus filled in, the spaces indicating field rivets are left white. 

39-12 
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The note ‘‘ Finished Third-Floor Line,” found over the 
sectional elevation, means that the floor above the girder, 
when laid, will come to a height indicated by the line of 
dashes. 


109. Next draw the elevation of the first section of the 
girder, locating its left end #” from the left-hand border 
line. The limiting lines of the top and bottom angles may 
be projected from the section just drawn, likewise the lines 
limiting the width of fillers and reenforcing plates. Next 
locate the center lines g7 and s¢ of the stiffeners d and e, 
Fig. 40 (0), and lay off their total width; also the sides of 
the legs d,, d,, ¢,, and c,, which project outwards at right 
angles to the plane of the paper. Lay off the clips c, one 
leg of which is seen to project a distance of 4” beyond the 
end of the girder. By referring to the sectional elevation, 
it will be noticed that the top of the clips is 1” below the 
upper side of the chord. Draw the reenforcing plate ¢ extend- 
ing from g, to g, The note “2— 144" x3" —442" long,” 
just below the lower chord, refers to this part. Indicate the 
fillers f, and f,, the first being of a length equal to the width 
of d, and the latter of a length equal to the combined width 
ofcande. ‘These fillers are covered both by the stiffeners 
and the reenforcing plates, and must therefore be indicated 
by dotted lines, which are shown beyond the edges of the stif- 
feners in order that they may be seen, though in reality 
they coincide with the edges of the stiffeners. Lay off the 
section line XX at a distance of 8 ft. 51’ from the left-hand 
end of the girder. 

All the rivets are located in six horizontal rows at the 
distances from upper side of girder indicated on the Plate. 
Draw these horizontal center lines. Select any one of these 
lines, as for instance the lowest, and lay off on same the 
distance between centers of rivets, as given in any one of 
the rows below the girder, all of which are seen to be alike. 
From the lowest center line, verticals are drawn by means 
of the T square and triangle to the other center lines, inter- 
secting them at the proper places and thereby locating the 
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centers of the various rivets. It is unnecessary in the pen- 
cil drawing to draw the circle representing the rivets; this 
may be postponed to the making of the tracing, when the 
intersections of the rivet center lines will indicate the posi- 
tions of the centers around which to draw the little circles. 
In some shops it is customary to omit these circles altogether 
and simply indicate the positions of the rivets by their 
center lines. 


110. The first of the two plan views of the girder, shown 
in the upper part of the Plate and in Fig. 40 (c) may now be 
drawn by first laying off the center line wv 142’ below the 
upper border line. Locate the left-hand end by drawing a 
vertical line from the corresponding end in the elevation and 
locate the section line at its right-hand end, 8” from the 
left-hand border line. The length of those angle legs which 
stand at right angles to the center line wv may be found 
by consulting the notes in the elevation. The holes for the 
field rivets will in this view appear as circles which are to 
be blacked in. The locations of the other limiting lines are 
found partly by projection from the elevation and partly by 
transferring the measurement from the sectional end view, 
Fig. 40 (2). 


4111. The other plan view, see also Fig. 40 (@), shows 
the girder in a sectional view taken along an imaginary 
horizontal center line in the elevation. The view is similar 
to the one previously drawn, except that some of the parts 
are shown in full instead of dotted lines. Most of the 
limiting lines are found by projecting horizontals from the 
other plan view, the position of the remaining limiting lines 
being determined by direct measurement; all dimensions 
extending in a horizontal direction are found in this manner. 
Those field rivets in the lower chord that are not visible in 
the other plan are here indicated, likewise those in the end 


stiffener. 


112. Next proceed to draw the ‘right-hand parts, see 
also Fig. 40 (e), of the four girders. Locate the lower side 
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of the same 23'’ above the lower border line, letting the left- 
hand end lie in a line with the same end of the other eleva- 
tion. -This elevation is divided in three sections. Make 
the first section 3”, the second 31%”, and the third 233” long, 
leaving a space of 8," between each section. In other 
respects this elevation is drawn in the same manner as the 
one immediately above it. Locate the stiffener 4, 3’ from 
the right-hand end and add the filler z, here shown in full 
lines. 


1138. The dimensions may now be added to the various 
views, attention being given to the method of arranging the 
dimension lines that indicate the lengths of the complete 
girder and girder sections. Between the break line XX of 
the lower elevation and its right-hand end there are found 
three pairs of dimension lines, the first of which refers to 
the girders marked Eiand £2, the second to girder 2, 
and the third pair to girder (i. In each pair the upper 
line refers to the spacing of rivets and the lower to the total 
length of the section. Locate the first dimension line }” 
below the girder, the second line ;%," below the first, and 
leave a space of 33," between each of the remaining lines. 
The dimension lines found under the other elevation of the 
girder, represented by Fig. 40 (0), are supposed to be con- 
tinuations of these six lines and should be located in the 
same manner. Draw the other dimension lines and insert 
corresponding dimensions, following closely the method 
used on the Plate as to their location and style of lettering. 
Add the notes referring to rivets and holes and the one 
referring to number and marks on girders. Lay off the 
space required for bill of materials and divide it into 
the necessary number of vertical and horizontal spaces. 
The abbreviations ‘‘ Fill” and ‘‘ Stiff” refer to fillers and 
stiffeners, respectively. A and Z means right and left. 
When parts symmetrically placed are marked in this man- 
ner, it calls attention to the fact that they are not alike and 
that care should be exercised in order to put them in their 
proper places. 
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PLATES 1009 AND 1010, TITLE: 
BENCH-VISE DETAILS 


114, These two Plates, together with Fig. 43, give the 
details and assembly drawing of a bench vise. In actual 
practice the assembly drawing, Fig. 43, would be drawn 
first, but in this case it is desirable to draw the details first, 
as a clearer understanding will then be had of the parts 
constituting the assembly drawing. Plates 1009 and 1010 


LE 


FIG. 42 


may both be sent to the Schools for correction at one time, 
or separately, as the student prefers. 

A general idea of the external appearance of the vise may 
be had from the half-tone view, Fig. 42, while the assembly 
view, Fig. 43 (c), which isa longitudinal section, will indi- 
cate the internal construction. It consists of the front jaw JZ, 
that works through an opening in the back jaw 2. Motion 
is imparted to jaw 7 by means of the screw 17, located inside 
part Z, which is cored out for this purpose. The screw 
engages the nut 9, which lies in a groove in part 2, where it 
is held in position by means of the pin 72. When an outward 
motion is given to the jaw Z by turning screw /7 to the left, 
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the jaw is assisted in its motion by the expanding spring 13, 
while the screw is held in position, relative to the jaw, by 
the guard 74. Both jaws are provided with steel facings //, 
secured by screws 8. 

The back jaw 2 rests on the base 8, to which it is clamped 
by bolt 6 in such a manner as to leave it free to swing 
around the latter. <A sleeve nut 7 engages with a clamping 
bolt 8, whose head is held in a circular T-shaped groove in 
the base. A loosening of the nut by means of handle 70 
allows the whole vise to be swung into any position desired, 
in which it may be retained by tightening the nut 7. The 
advantage of this arrangement is that it enables the work- 
man to turn any side of the work in the vise to the front 
without having to rearrange it in the jaws. 


115. Begin by drawing the front jaw 7 on Plate 1009, 
shown in four views: A side elevation, an end elevation, a 
plan, and a section taken on line A B of the side elevation. 
Lay off the horizontal center line, common tothe two upper 
views, 32” from the upper border line, and the vertical 
center line’ of the end elevation 94" from the left-hand 
border line. This center line, if produced, will also serve 
for the sectional view. Another horizontal center line, 
515" from the upper border line, will define the positions of 
the lower views. Allow a space of 2” between the two 
upper views. All the views on this Plate are drawn half 
size. 

Draw the end elevation first, then the side elevation, 
defining some of the dimensions in the latter by projection 
from the first view. The radii of the curves defining the 
sides of the jaw in the end view are not to be inserted inthe 
drawing made by the student, as they are given simply to 
aid him in constructing them. Ordinarily the determina- 
tion of curves of this nature is left to the judgment of the 
patternmaker, unless there are special reasons why they 
should be exactly defined. Next draw the plan view, which 
is a bottom view showing the groove in same. Some of its 
dimensions will have to be taken from the side elevation 
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and some from the sectional view, which is to be drawn last. 
It is seen that the horizontal part of the jaw is cored out 
along its whole length, and that this cavity is partly rect- 
angular and partly circular in section. The full-size view 
of the jaw proper, shown in the upper left-hand corner of 
the Plate, will apply to both jaws. Draw the vertical side 
of the jaw 24” from the left-hand border line, and its upper 
corner 3"’ below the upper border line. 


116. To draw the rear jaw, part 2, shown in a side and 
a front elevation, lay off their horizontal center lines 
22" from the lower border line, and the vertical center line 
of the front elevation 83” from the left-hand border line. 
The extension of the front jaw is to fit the cavity of the 
rear jaw, but it is observed that part J is made slightly 
narrower to allow it a freer motion. 

It will be observed that the hole in the center of the base is 
threaded as is further shown by the note, ‘‘ Tapped for 
3" bolt.” On working drawings, a thread is rarely shown in 
a hole which is to be tapped; the general rule is to draw two 
lines at a distance apart equal to the outside diameter of the 
thread, and to place a note on the drawing stating the size 
of tap to be used. It has been shown on this Plate, how- 
ever, for the sake of completeness. 


11%. The base, part 3, is shown in two views: a plan 
view and a side view, the latter being half in section and 
half in elevation. Lay off their vertical center line 3” to 
the left of the right-hand border line, and the horizontal 
center line for the plan view 24’ below the upper border 
line. Leave a space of 2” between the two views. The square 
hole indicated in the upper part of the plan view serves the 
purpose of allowing the insertion of the bolt 8 from below 
into the T slot. 


118. The parts on Plate 1010 are drawn full size, except 
those numbered 9, 13, 15, 16, and 17, which are drawn half 
size. Locate the tops of the views in the upper row 
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14” from the upper border line, and equalize the spaces 
between them, similar to those on the Plate. In drawing 
the knurled portion of part 7, draw, first, horizontal lines 
indicating the upper and lower borders, thereby making 
sure that the borders will appear even. 

The lower part of the nut 9 is dovetailed into the groove 
situated in the base of part 2, but this groove is made 
7,’ wider to give a certain amount of play to the nut. 


119. Draw the center line of the jaw facing 1/, 53'’ below 
the upper border line, and draw the end view 1}” from the 
left-hand border line, leaving a space of 1"’ between this and 
the rear elevation. The note ‘‘ scored face” indicates that 
the face of the jaw is to be provided with a series of shallow 
grooves cut at right angles to each other. The appearance 
of this surface is indicated in Fig. 42. It should be noted 
that the arcs outlining the upper and Jower surfaces of this 
part are not concentric.. The center tor the-arcs; ot the 
lower surfaces is found by drawing a line parallel with the 
face at a distance from it of 4”, then, with a radius of 1%" 
and the lower edge of the face as a center, draw an arc 
intersecting the parallel line. The point of intersection is 
theccenter of these arcs. The .centergt the upperiarcsis 
found if the vertical line, indicating the face, is produced 
and intersected by an arc having a radius of 3}”, and its 
center in the upper edge of the face. 


6s 


120. The horizontal center line for the two views of the 
handle 10 is located 63" below the upper border line, leaving 
a space between the end view and the right-hand border 
line and between the two views, of 1" and 3", respectively. 
The right-hand end of the handle has been drawn in section, 
to show the threaded hole. In the free space above these 


views, locate the views of parts 8, 12, and 13. 


121. Draw the horizontal center lines of parts 16 and 17, 
13" and 33”, respectively, above the lower border line, and 
leave a space of 3’ between them and the left-hand border 
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line. The head of part 1/7 is not spherical, as the left-hand 
half is outlined by a semicircle with a radius of 1}, while 
the right-hand part is outlined by two arcs of 1$” radius. 
The extreme end of the head is flattened for a distance 
of 4’, corresponding to the diameter of the countersunk 
part of the hole for screw 20. The thread on the vise screw 
is made in a conventional manner, somewhat similar to 
Fig. 7, with the exception that the rear parts of the thread 
are not shown. Locate the end and side view of part 16 as 
indicated. 


122. Before drawing the guard, part 14, it should be 
carefully studied, for its shape is somewhat difficult to 
ascertain from the two views given. | 
The upper view is a front elevation 
and the lower a bottom view. The 
parts difficult to locate are the two 
shoulders on the rear surface. These 
are shown in dotted lines in the eleva- 
tion, but appear in the lower view as 
continuations of the sides. By con- 
sulting Fig. 44, where the guard is 
shown in perspective as it appears when seen from the rear, 
the student should be able to interpret the two views cor- 
rectly. Draw their vertical center line 62” from the right- 
hand border line and locate the base lines of the views 3} 
and 14” from the lower border line. 
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PLATE 1011, TITLE: 
ASSEMBLY, BENCH VISE 


123. Plates 1009 and 1010 being completed, the student 
should next make the assembly drawing, which forms 
Plate 1011. As all the details are given on Plates 1009 
and 1010, no specimen plate is sent the student in this case, 
he being expected to get all his information from the detail 


drawings and Fig. 43. The small circles, ;3,'' in diameter, 
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enclosing figures and placed near the various details are 
reference circles; they indicate the proper position of the 
details in the assembly views, and the numbers correspond 
to those given in the bill of materials. 

To draw the assembly views, Fig. 48, locate the horizon- 
tal center line of the upper views 34" below the upper 
border line, and leave a space of 4” between these views and 
their adjacent vertical border line. The lower view should 
be 33” above the lower border line, and a space of }" left 
between it and the left-hand border line. 

Insert the reference numbers at their respective parts and 
place the title in the lower right-hand corner as indicated. 
The reference letters referring to center lines in these and 
the following plates should be omitted on the drawings 
made by the. student, and only such letters should be 
inserted that refer to section lines, such as A & on part 7. 


PLATE 1012, TITLE: 
SHAFT HANGER 


124. Inconnection with Plate 1006 it was shown that 
shafts must be supported in bearings, and also how the 
latter may be made to conveniently effect alinement of the 
shaft. It was explained how shafts may be used to convey 
motion from one point to another, as, for instance, from an 
engine to the various machines to be driven by it. Such 
long shafts—with their couplings, if any are used—are 
called /ine shafting. They may be supported on the floor 
or from the ceiling of the building in which they are placed. 
In the latter case the supports are called hangers, and con- 
tain the bearings proper, which may easily be alined. This 
Plate shows a drawing of a common form of such shaft 
hangers. As the material list shows, it consists of nine 
parts, some of which occur but once, others twice, and one 
four times in the construction, so that the structure consists 
of fourteen parts, counting every single piece by itself. 
The part numbered 7 on the drawing is the hanger proper, / 
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which is fastened to the ceiling by strong bolts passing 
through holes in the base. Extending downwards, this 
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hanger terminates in a square-shaped frame open at the 


lower end, in which is placed a shel/ made in halves, parts 6 
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and 7 on the Plate. Within this shell is located the bearing 
proper, numbered 4 and 4, also made in halves. The afore- 
said square-shaped frame is closed, after the shell with the 
bearing is inserted, by a cap, part 2, secured by two studs, 
part 8, and nuts, part 9. The studs are cast into the 
hanger, first having been flattened at the end, as directed 
by the note near the detail of the hanger. Two setscrews, 
part 5, serve to adjust the shell containing the bearing 
proper to correct alinement with the other hangers used to 
support the same line of shafting. The whole structure put 
together appears as shown in the half tone, Fig. 45. The 
student will notice that there are very few finish marks on 
the drawing, from which it is plainly evident that a large 
portion of the dimensions are for the foundry, and that 
there is very little machine finish. The bearing proper, 
parts 4 and 4, and the shell, 6 and 7, are finished where they 
join together, parts 6 and 7 being also faced off at the ends. 
Parts Z and 2 are drilled and tapped for the 8-11 setscrew 
used to adjust the height of the bearing, and oil holes are 
drilled in part 4. With these exceptions there is no machine 
work to be done on the hanger. Parts 4 and 4 are lined 
with Babbitt, the same process being followed as that 
described in connection with the bearing shown in Plate 1006, 
although the absence of finish marks indicate that the bear- 
ing is not to be bored. 


125. All the parts are drawn on the Plate in detail, by 
themselves, except the setscrews, the nuts, and the main 
frame or hanger proper, which is represented in two views 
drawn to a scale of 3’ = 1 ft. This figure shows the whole 
structure assembled. 

The dimensions given on the assembly are leading dimen- 
sions only, the few detail dimensions of the main frame 
given and placed near the foot being added because the size 
of the sheet did not permit the portion of part 7 being 
shown in detail in any other position. The other dimen- 
sions of the main frame, or part 1, are given in the two 
views located in the lower left-hand corner of the Plate. 
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126. All the details are to be drawn first, and toa scale of 
6’ = 1ft. Start with the bearing proper, parts and 6. The 
student will readily perceive the similarity of this piece with 
the one drawn on Plate 1006. There are these differences, 
however: In the present case the bearing consists of two 
parts, while the former was one piece only. The present 
bearing is not self-oiling, so that there are no slots for oil 
rings, little oil holes being provided instead. The means 
for preventing the bearing from turning in its seat is in the 
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present case a small boss, or teat, at the bottom of the 
rounded central portion, which is also called the dal/. This 
small teat fits into a recess provided for it at the bottom of 
the lower shell, part 7. For convenience the two halves of 
the bearing are drawn together, the finish mark placed 
on the dividing line indicating that both surfaces are to be 
finished. Both halves are shown half in section. With the 
instruction given for the similar piece on Plate 1006, the 
student should have no difficulty in drawing the bearing. 
Place the center lines 14" from the bottom border line, and 
the vertical center lines 82’ and 52". from the right-hand 
border line, respectively. 
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12%. The shells 6 and 7, Fig. 46, are drawn in much 
the same manner as the bearing. The two halves are also 
shown together, as were those of the bearing; they are also 
shown in a perspective view, Fig. 47%, partly broken away. 
Draw the horizontal center lines 54'' from lower border line, 
and the vertical center 
lines 5” and 14” from 
right-hand border line, 
respectively. Begin 
with the right-hand, 
or end, view. Draw 
the circular opening 
from the center oa (see 
Fig. 46). Next draw 
the outline of the shell, 
which is dome-shaped 
in the upper half and box-shaped inthe lower half. The out- 
line of the upper half is composed of circular arcs of different 
radii, one drawn with a radius of 24" from a center o’ and ;i," 
from gon the horizontal center line; the other with o”’ on the 
vertical center line as acenter, 74" from 0, witha radius of 14”. 
Lay off o'ando" first. Draw a line o’o" through these points 
and prolong it, say, to . When curves of different radii 
are joined together, as in this instance, their point of junc- 
tion should lie on a line passing through the centers of the 
arcs, such as line o’ a. Draw one arc from a till it inter- 
sects o' x at 6; then draw the other arc from dtoc. Draw 
similar arcs on the left-hand side of the figure. 

On top of the upper shell place the boss for the oil cup d, 
wuose diameter is 18" and whose top line is 3’ above the 
crown of the shell, as seen in the other view. The boss is 
cupped, the cup having a radius of 4}’’ and being 4” deep. 
Next add, in similar manner, the boss e for the end of the 
setscrew to bear against, 14," in diameter and 4" high. 
This boss is also cupped, the cup having a radius of ;%,"" and 
being 1 deep. This cup is not visible in the right-hand half 
of the end view, as the whole boss is hidden by the oil-cup 
koss and must be shown in dotted lines. 
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The outline of the lower, box-shaped half of the shell is 
now to be drawn. Carry straight lines down from a anda’, 
one full and one dotted, as shown, the latter being hidden 
by a projecting lug. The bottom line of the lower shell is 
acircular arc having a radius of 74. Its center is obtained 
by laying out the bottom point 14%’ below the horizontal 
center line, and from there going up 74" on the vertical center 
line. Draw the boss e’ at the bottom. The lower shell has 
on each side three projections g, g' and #, the lugs g and g' 
protruding 2”, and the raised surface / only 7". The out- 
lines of the lugs appear in the end view in full, in both 
halves of the figure, while the raised surface 2 appears as a 
full line on the sectional, or left, side and as a dotted line on 
the right side, being there hidden by the lug ¢’. Round off 
the lugs with the proper radii. The projecting lugs gg’ 
just drawn, together with the raised surfaces “, hold the 


it from moving endwise 

and sidewise respectively. 
| Next define the thick- 
| ness of the shell in the left- 


the main frame, keeping 
Uj | KF 


hand side of the figure by 
drawing concentric arcs 
and parallel lines to the 
oe outlines already drawn. 
| The thickness is }", as 

given in the other view at 
| the bottom, it being 
understood that the gen- 
eral thickness of shell is 
the same throughout. On 
as the inside of the shells 
T are placed bosses fand /’, 

cupped to receive the ball, 
or rounded middle, portion of the bearing. These cups have, 
however, a smaller radius than the ball, for the following 
reason: As has been said, these surfaces are not finished. It 
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FIG. 48 


§ 14 MECHANICAL DRAWING 99 


would, therefore, not be practical to cast them so as to make 
them exactly coincide. By making the cups of smaller radius, 
the surfaces will be in contact only at the rim of the cup, 
as shown in Fig. 48. The radii of the cups are given 
as 1,"; to find their centers, g and g’, proceed as follows: 
With o as a center draw a circle with a radius of 14”, as 
shown in Fig. 48; next lay off 13’ from o downwards along 
the vertical center line, and draw a horizontal line 7 s mark- 
ing the top of the cupped boss. With the point of inter- 
section ¢ as a center and a radius of 1,,”, strike an arc 
cutting the vertical center line at g; with g as a center, 
draw the arc defining the bottom of the cup. Draw the 
upper cup inthe same manner. Draw the little recess in 
the lower cup for the teat referred to in Art. 126. The 
thickness of the shell is changed at two other places, namely, 
at #, Fig. 46, and at the corresponding point opposite, being 
recessed 1," deep and 7?” wide to accommodate the ball, as 
the shell is only 27”” wide in the clear, while the ball is 3” in 
diameter. The top sleeve 6 is held in position, in relation 
to bottom sleeve, part 7, by four projections v, one placed at 
each corner of the top half and slipping into the bottom half. 


128. The other view is now easily drawn. Carry over 
from the end view horizontal lines limiting the inside and 
the outside of the shell, the tops and bottoms of the bosses 
for the oil cups and ball cups, keeping in mind the fact that 
the line representing the inside of the top of part 6 is not 
found by projecting horizontally from the end view, as the 
top point there represents the bottom point of the cup f, 
The inside top line in the side view must be found by laying 
off a point 4” below the outside of the shell, and through 
this drawing a horizontal. Lay off the center lines and 
centers of the oil cups and draw their outlines. Carry over 
the centers of the ‘ball cups and draw their outlines, also 
those of the setscrew cups. Lay out the lugs g and ¢’, the 
raised surface 4, the recess u, and the projections v, the 
latter visible only in the right-hand or sectional half of 
the figure. Round off the corners and draw the fillets 

39-13 


100 MECHANICAL DRAWING § 14 


The outlines of the recess ~ is found by ascertaining the 
intersection between the ball of the bearing and the inside 
of the shell. The student is not required to determine the 
intersecting points by means of projection, but may draw 
an approximate curve in the following manner. With the 
intersecting point of the two center lines as a center, draw 
an arc with a radius of 7%". Lay off another center 
3"’ above the first and 
draw another are with 
adiradius of. 4 2w~ EBy 
means of the irregular 
curve draw two curves 
tangential to the two 
arcs. 


129. Now draw the 
detail numbered Zand 3 
(see also Fig. 49), which 
is the lower portion 
of the main frame, with 
its bolts cast into it. It 
will be noticed that the 
detail drawing of parts 1 
and 3 shows only a por- 
tion of the frame, and 
that it is drawn to a 
larger scale than the 
frame shown in the as- 
sembly drawing. ‘This 
is another illustration 
of the practice referred 
to in the description of 
the enlarged cross-sec- 
tion of the pulley rim, 

BrGy30 Plate 1005. The size of 
the Plate would not permit of drawing the entire frame to 
the scale used for the details; hence, the upper part only 
is shown, drawn to the enlarged scale, the dimensions 
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necessary for the foot of the frame being given on the 
assembly. Commence with the top view or elevation. 
Draw a vertical center line 27'’ from left-hand border 
line. Draw parallel to it the center lines of the bolts 53," 
+2 = 243" from it, on either side. Draw a horizontal 
line mm', Fig. 49, which determines the bottom, and 
is 44” (actual measurement) from the lower border 
line. Lay out the inside and outside dimensions (34” 
and 648’) of the uprights and draw their vertical out- 
lines wn, m'n'. Theuprights have ribs a and a’, the inside 
edges of which coincide with the center lines of the bolts; 
the ribs are 2” thick. These ribs extend to the upper part 
of the frame, while the thick parts of the uprights terminate 
on the outside in caps which are partly spherical and have a 
radius of 4", with centers on the inside edges of the ribs. 
To locate these centers, lay off from 7 m' the height 5,5," on 
the outside edges of the ribs to f and #’; with these points 
as centers cut the inside edge line of the ribs with arcs 
struck with a radius of 7’, obtaining centers o and o’ of the 
caps. <A ribbed bridge 00’, having a cylindrical boss ¢ in 
the center for the setscrew, connects the two uprights. 
This bridge is curved to a circular arc, the upper edge of 
the central horizontal rib 6 having a 6" radius, whose center 
is located 3" from the line 7m’, The lower edge of the 
central rib 4 is 3’ away from the upper, and is struck from 
the same center. The remainder of the bridge should be 
readily drawn. Draw the cylindrical boss ¢ by locating a 
point g in the middle of the rib J and laying off points 3" to 
the right and left of the vertical center line, and +3” above 
and 1” below point g. Now put in the fillets joining the 
various parts, and round off the corners. Next draw in the 
hole for the setscrew in the boss ¢, and finally the studs 3. 
The flattening of the studs is shown in a conventional 
manner without dimensions, this being safely left to the 
blacksmith. 

Begin now with the bottom view. Carry down vertically 
the center lines of the studs, having previously drawn a 
horizontal center line of the whole figure 1," (actual 
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measurement) from the lower border line. Draw the circles 
representing the studs, the threaded setscrew hole, and 
the cylindrical boss c. Carry down the outside edges mn 
and m'n' of the uprights from the upper figure to the lower, 
intersecting the horizontal center line in 7 and 7’, through 
which points draw arcs of circles with a +4” radius to repre- 
sent the plan of the uprights. Carry down the inside edges 
of the uprights and lay off their width, which is 1$”. Carry 
down the edges of the ribs a and a’ and make their width 23”. 
Finally, draw the rib 0’, 3’ thick. Round off corners and 
put in fillets. 


130. The next part to be drawn is the cap 2, also shown 
in Fig. 50. Draw center lines 73” from the left-hand border 
line and 6” from the bot- 
tom border line, respec- 
tively. Itis best to start 
with the upper view or 
plan. Establish the 
stud-hole centers; draw 
the circles representing 
the stud holes, the set- 
screw boss, and the set- 
screw hole. Lay out 
the outside and inside 
dimensions of the body 
and rib of the capas well 
as their width; the di- 

FIG. 50 mensions 613",-34"", 23", 
and 134" will be found to be the same as the corresponding 
dimensions of the uprights of part 7. These outlines will 
be partly dotted lines, being hidden by a half-round mold- 
ing aa 3" wide carried allaround. In the plan, this molding 
shows in parallel lines and concentric circles to the outlines 
of the body proper and 3," away from them. Now draw 
the lower view or elevation. It is drawn in a manner similar 
to the bridge portion in part 7. Notice that the body tapers 
'on the sides 4 and d' and that it is flattened at the bottom 
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at c for the nut of the setscrew. Put in circles for fillets 
and round off the corners with proper radii. 


131. All that now remains to be drawn is the assembly 
shown in two views and in four sections through the frame 
and web. Start with the elevation, beginning at the left. 
Draw the horizontal center line zx’, Fig. 51, 3” from the 
upper border line, and a base line a 6 73” from the left-hand 
border line, draw center lines gv and s¢ for the bolt holes; 
lay out the thickness of the base and of the bosses ¢ and @’, 
and draw in the bolt holes. The top of the rib @ is parallel 
to the base line; the rib itself is 14’ high, as indicated on 
the section along A & shown at the left-hand upper corner 
of the Plate. Lay off 30” from the base line to locate the 
center of the shaft; this distance is called the drop of the 
hanger. Draw a vertical center line through 0 and com- 
plete this end of the hanger from dimensions on the details 
previously drawn. The scale to be used is 3’ = 1ft. The 
curve of the side of the hanger is partly that of an ellipse, 
half the diameters of which are 32” and 281”. _ Use for its 
construction the first of the two methods given in Geo- 
metrical Drawing, as shown in Fig. 51. From wz to z the 
curve is a circular arc tangent to the ellipse at wz and to the 
bottom of the base at z, and passing through the end y of 
the long diameter of the ellipse. If the circles used for the 
construction of the ellipse are divided into the same number 
of parts as shown in Geometrical Drawing, then the point u 
is located at the end of the third line from the left in Fig. 51. 
The center of the curve az may be found in the following 
manner: Draw a perpendicular vv’ that will bisect an 
imaginary straight line connecting points w and y, in the 
manner described in Geometrical Drawing. Any arc with 
its center on line vv’ will pass through points wy. The 
center of an‘arc that will also pass through point z can be 
found either by trial or according to the method described in 
Geometrical Drawing for passing a circle through three 
points not in the same straight line, the three points here 
being uw, y, and z, The other construction dimensions can 
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be obtained from the cross-sections and the over-all dimen- 
sions given on the assembly. The bottom plan, to the left 
of the figure just drawn, is easily made by carrying over, 
horizontally, all dimensions from the elevation that can be 
so obtained, and laying off the others from center line mm’, 
54” from left-hand border line. 

Finally draw the four sections of the main frame at the 
left-hand upper corner of the Plate. The student should 
have no difficulty with these. 

In lettering the title, note that part 8 is called for twice, 
it being plainly evident from the assembly that two adjust- 
ing screws are necessary, and also that four hexagonal nuts, 
part 9, are required for parts 8 and 3. Six patterns are 
called for to complete the hanger, although part 4 could be 
produced from pattern DY, which is made for part 4. It is 
probable, however, that on standard parts of this sort, large 
numbers will be made, and it is therefore advisable to call 
for patterns for each part. 


PLATE 1013, TITLE: 
| GEAR-TEETH PROFILES 


132. The style of drawing shown in Plates 1013, 1014, 
and 1015 is somewhat different from that shown in the pre- 
ceding Plates. Plate 1013 is more of a diagrammatic nature, 
its purpose being to show the theory and construction of 
gear-teeth in general, while Plates 1014 and 1015 are 
intended to illustrate the use of shade lines in drawings. 
When shade lines are used, the outlines of an object are 
‘given by means of two varieties of lines, one lighter and 
one heavier than that previously adopted as the standard. 
The function of shade lines is to differentiate between such 
surfaces that are illuminated by rays of light, assumed to 
come in a certain direction, and other surfaces not exposed 
to such rays. A detailed description of this subject has 
already been given in Geometrical Drawing. 
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While there is no doubt of the fact that drawings con- 
taining shade lines will greatly assist in giving a clearer idea 
of the shape of the objects represented, such lines are, 
however, going out of use more and more, principally 
because more care and time is required to execute a draw- 
ing in this manner. But as some drawing offices still con- 
tinue their use and as there are cases when they must be 
used, as for instance in drawings intended for the U. S. 
Patent Office, it is well for the student to familiarize him- 
self also with this method. The three Plates are drawn 
full size. 

If a circle is rolled on a straight line without sliding, 
a point on the circumference of the circle will describe a 
curve called the eyeloid. The circle is called the genera- 
ting circle. The shape of the curve and the manner of 
drawing it are shown in Fig. 1. Let O be the center of the 
generating circle, which is 1? in diameter, P the point on 
the circumference of the generating circle, and AJ# the 
straight line on which the generating circle is rolled and 
which is equal in length to the circumference of the gener- 
ating circle, or 1%” x 3.1416 = 5.4978, say 54”. The gen- 
erating circle should be so placed that its center O lies over 
the center of theline d 4,as shown. Divide*the generating 
circle into any number of equal parts, in this case 12, or 
P1, 1-2, 2-3, 3-4, etc., and through these points draw 
lines CD, EF, G H, etc.; parallel tothe line A B. Through 
the center O of the generating circle draw the radius O6. 
Divide each half of the line 4 & into half the number of \ 
equal parts that the generating circle is divided into, as 
A 1, 1-2, 2-3, etc., and through these points draw lines pet. 
pendicular to AZ terminating in the line GH, as AG, 
i-I', 2-2’, 3-8', etc. From the point J’, with a radius 
equal to the radius of the generating circle, as O6 or 1'-1, 
describe an arc intersecting the line XZ in the point P?; 
from the point 2’, with the same radius, intersect the line // 
in the point /’; from the point 3’, with the same radius, 
intersect the line GH; continue in a similar manner with 
the remaining points 4', 5’, 7’, 8’, etc., intersecting the 
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lines ZF and CY in the points P*, P*, P’, P®, etc. The 
points A, P', P*, P*, etc. are points in the curve through 
which the cycloid may be drawn. It will be noticed that 
when the center O of the generating circle coincides with 
the point G, the point P on the circumference of the 
generating circle coincides with the point A; and that when 
the generating circle is revolved toward the right, without 
sliding, until the center O coincides with the point 7’, the 
point P will coincide with the point P'. Thusit is seen how 
the point P passes through all the points from A to B, 
namely, 4, P', P’, P*, etc., when started at 4 and revolved 
toward the right to B. 


135. If the generating circle is rolled, without sliding, 
on the outside of the circumference of an arc of a circle 
supposed to be at rest, instead of being rolled on a straight 
line, the curve described by a point P of the generating 
circle will be an epicycloid. 

The manner of drawing such a curve is shown in Fig. 2. 
A B is the arc upon which the generating circle is rolled, its 
center being at S and its radius being 34’. The diameter 
of the generating circle is in this case the same as in Fig. 1, 
or 13”. Make the lengths of the arcs 6 A and 6 4 equal to 
half -the length of the circumference of the generating 
circle, by first calculating the length of half the circum- 
ference of the generating circle and drawing a straight line 
tangent to the arc 46 4 at 6, making it equal in length to 
half the circumference of the generating circle. Then make 
the arc 6 A equal to this line by means of the approximate 
method given in Geometrical Drawing. Dividethearc A 6B 
and also the generating circle into the same number of 
equal parts, in this case 12, as A 1, 1-2, 2-3, etc., and PJ, 
1-2, 2-8, etc., and draw radii from the center S to the points 
of division on the arc A628. During the revolution of the 
generating circle, the center O will describe an arc mOn 
concentric with the arc 464 and having the same number 
of degrees in it as d6 Bb. ' Produce the radii just drawn to 
the arc of center positions m On, intersecting this arc in the 
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points m, 1', 2', 3', 4’, etc. Through the points of equal 
divisions, 7, 2, 8, etc., of the generating circle pass con- 
centric arcs having the center S, as CD, EF, GH, 1/, 
and KL. With the points 1’, 2’, 3’, 4’, etc. as centers and 
radii equal to the radius of the generating circle describe 
arcs cutting the arcs K L, //, G Z, etc. in the points P’, P’, 
P*, etc., which are points on the epicycloid. 


134. When the generating circle rolls on the inside of 
the arc, the curve described by a point on the circumference 
is called a hypocycloid. The method of drawing it is 
similar in all respects to that just given for the epicycloid. 
The student should be able to construct it from the drawing 
without further explanation. The diameter of the gener- 
ating circle is 1?” as before. i 


135. Suppose that a string is wound on a cylinder and 
that the end of the string is at the point P in Fig. 3. If 
this string is unwound from the cylinder, keeping it con- 
stantly tight, the end P will describe a curve known as the 
involute of the circle, or, more simply, the involute. 
To construct it geometrically, let O be the center of the 
given circle representing the cylinder, which, in Fig. 3, is 
24”. in diameter, and P the free end of the string when 
wound on the cylinder. Divide one-half of the given circle 
representing the cylinder into any number of equal parts, in 
this case 6, as P1, 1-2, 2-8, etc., and through each of these 
points draw tangents to the circle, as P’, P?, P*, etc. To 
draw these tangents, first draw the radii O1, O2, O8, etc. 
and then draw*the tangents’! Py 2293/7) etch at right 
angles to them. By means of the approximate method 
given in Geometrical Drawing, find the length of the arc 1 P 
and make the length of the tangent 1 P’ equal to this length; 
of the tangent 2/* equal to twice this length; of the tan- 
gent 3 P* equal to three times this length, and soon. The 
curve drawn through the points P’, P’, P*, P*, etc. will be 
the required involute. The use of these curves will now be 
explained. 
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136. On Plate 1014, in Fig. 1, is shown one-half of two 
spur gear-wheels inmesh. The two dotted circles tangent 
to each other at P are struck from the centers of the gear- 
wheels and are called the pitch cireles. The diameter of 
any gear-wheel is always understood to be the diameter of 
its pitch circle unless it is specified as diameter at root, or 
diameter over all. The length of that part of the pitch 
circle between the centers of any two consecutive teeth is 
called the circular pitch, or simply the pitch. Thus, in 
Fig. 1, Plate 1014, the length of the arc ad is equal to the 
pitch of either gear-wheel. When the gear-wheels are cut 
in a gear-cutter, the width of the tooth cd on the pitch line 
is equal to the space df; that is, the arc cd is equal to the 
arc af, and each is equal to half the pitch. When the gear- 
wheels are cast, that is, when they are not cut ina gear- 
cutter, clearance is given between the back of one tooth and 
the front of the tooth following, to allow for inequalities in 
casting. This clearance, or backlash, as it is usually 
termed, is generally made equal to 4 per cent. of the pitch. 
This is done by making the thickness of the teeth cd equal 
to .48 of the pitch. 

The part CC, of the tooth that lies beyond the pitch circle 
is called the addendum, and the part C C, that lies below it 
is called the root. The face of the toothis the part CC, C'C, 
Fig. 2, of the tooth above the pitch circle, extending the 
whole width of the tooth. The flank isthe part CC,C"'C, 
Fig. 2, of the tooth below the pitch circle, extending the 
whole width of the tooth. The terms addendum and root 
mean distances only, while face and flank mean surfaces. 

The usual practice is to make the addendum equal 
to .3P, and the root equal to.4/. P = the circular pitch. 
The distance C, C, is called the whole depth of the tooth. 
The method of describing the curves of teeth shown on the 
Plate 1013, Fig. 4, is a convenient way of drawing the 
eycloidal, or double-curved teeth. Cycloidal teeth are 
constructed by making the outline of the facea part of an 
epicycloid and the flanks a part of the hypocycloid, hence 
the name double-curved teeth. 
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139. “In Fig4, Plate 1013) let’ 4B be: parteet vazpiceh 
circle struck with a radius of, say, 54’. For convenience 
in drawing the tooth, let the pitch be 2”. With O asa 
center, which is the center of the gear-wheel, and a radius 
equal to 54’, describe the arc A 4, part of the pitch circle. 
Through O draw a straight line OS, cutting AB in P. 
Take the radius of the generating circles S Pand S’ P equal 
to 17” for this case and describe arcs having centers at S 
and S’ on the line OS. With O as center and OS as radius 
describe the arc S, S,.. In connection with the gear-wheel 
teeth, the generating circles are frequently called describing 
cireles. Roll the outer describing circle upon A 4 in such 
a manner that the center S will move in the direction of the 
arrow along the arc S,S,. By means of the method given 
ine Fig. 2; find the pointsi2", ?*yue®,.ete. on the. epicycioid 
described by the point & Trace a faint curve through the 
points just found and measure off on the pitch circle the 
thickness of the tooth. 


do == VAR) week Xe phe Ok 


Make 2 =. the,addendtm (=.3 X Je=3" 2 =e 

With Oas a center and OF asa radius describe an arc 
cutting the epicycloid in G. Now roll the inner describing 
circle on A B, so that its center S’ moves in the direction of 
the arrow, and find the points P,P. 7, etc. of the hypo- 
cycloid described by the point P, through which trace 
a faint curve. Make AY’ equal the flank of the tooth 
= Ape 4502") 28, and writhe Olas. a centerand:c 
as a radius describe an arc cutting the hypocycloid in G’. 
PG' isthe outline of the flank of the tooth and PG that 
of the face. Since it would be a tedious operation to draw 
all the tooth curves in this manner, it is usual to approxi- 
mate the curves by means of circular arcs; that is, to find 
by trial a center Q and a radius QP such that an arc 
described from this center and with this radius will pass 
through the points on the curve G Pand coincide with that 
curve as Closely as possible; also, to do the same with regard 
to the curve PG’, using the center Q’ and the radius Q’ P 
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To find the center Q or Q’ of these circular arcs proceed as 
follows: With P and G as centers and any radius describe 
arcs intersecting in Cand C’. Drawa straight line through 
C and C’'; thecenter Q must line on C C’ to the left of GP. 
Try different points 7, 2, 3, 4, etc. on this line as centers 
and 1G, 2G, etc. as radii, and see if one of the arcs struck 
with either one of these centers and radii will coincide with 
the epicycloidal curve GP. Make this circular arc fit the 
curve for a short distance beyond G—as far as P*, for 
example; this will insure the arc being more nearly correct. 
This should be done in every case when finding an approxi- 
mate radius of this kind. Continue in this manner until the 
point Q is found such that an arc struck with Q as a center 
and OG or QF as a radius will coincide as closely as pos- 
sible with GP. If acircle were drawn with O as a center 
and OQ as a radius, the centers of all the circular arcs of 
the faces of the teeth would le in this circle, and the radii 
of these arcs would be equal in length to OP. Hence, to 
find the center Q, of the arc D) AH forming the back of the 
tooth, take Dasa center and Q Pasa radius and describe a 
short are cutting, in Q, the circle passing through Q. 
Then, with Q, as a center and the same radius describe the 
arc DA. In a similar manner find the center Q' and 
describe PG’, also D H'. | Instead of letting the flank form 
a sharp corner at the bottom of the tooth, as shown dotted 
at G’, it is usual to put a small fillet there, as shown by the 
full line. This makes the tooth stronger and less liable to 
break or to crack in casting. The entire tooth outline or 
curve GPG' or HD #' is called the profile of the tooth. 


138. <A rack is a part of a gear-wheel whose pitch circle 
is a straight line; the tops of the teeth all lie in the same 
plane.* A portion of a rack and one tooth are shown in 
Fig. 5. Take the pitch the same as before, then the adden- 
dum and root are also the same, that is, .6 and .8”. Take 


* As the radius of a circle is increased indefinitely, any arc of the 
circle approaches more and more to a straight line ; and when the 
radius becomes infinite, the arc becomes a straight line. 
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the radius of the describing circles 17’, as before. It is 
evident that the tooth profile will be formed of parts of 
cycloids formed by rolling the describing (generating) circle 
upon the pitch line A &. Drawa small part of the cycloidal 
curves, as shown in the figure, by the method given in 
Fig. 1; lay off the addendum and root and find the approxi- 
mate radius in the same manner as in the last figure. The 
centers of the curves for the faces and flanks of allthe teeth 
of the rack will evidently lie on the straight lines passing 
through Q and Q’, respectively, and parallel to the pitch 
line A BZ. 


139. In Fig. 6 is shown the manner of drawing the 
involute, or single-curve tooth. The profile in this 
case is formed of a portion of an involute curve and a portion 
of the radius of the pitch circle. The circle from which the 
involute is constructed is called, in this case, the base 
circle. To find it draw the pitch circle, of which the 
arc A Bisa part, with a radius equal to 54” and having its 
center at O. Draw any radius OW cutting the arc A B 
in D. Through D draw the straight line & /, making an 
angle of 75° with OW. With Oasa center and a radius to 
be found by trial, drawacircle tangentto & F& This circle, 
of which the arc HG is a part, is the base circle, and 
cuts OW in P. Upon this circle construct, in exactly the 
same manner as was shown in Fig. 3, a portion of an 
involute curve passing through P. Lay off the addendum 
LK 6", and witheiO as a center and O Jas <aradius 
describe an arc to form the top of the tooth, intersecting 
the involute in Z. That part of the flank below the base 
circle is straight and is a part of the radius drawn to the 
point P. .KJ' is the root. The tooth has a fillet.at 7 
and &’, as in cycloidal teeth. A circular arc is passed 
through the points Z and P, coinciding as nearly as possible 
with the involute curve 2 P. Its center Q is found in the 
Same manner as in Fig. 4. For involute teeth it is only 
necessary to find the one center Q; the centers for all the 
remaining teeth lie on a circle having O as a center and 
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passing through Q. To draw the other side of the tooth, 
lay off on the pitch circle 17 NV = .96", as before. With 7 
as a center and OV = Q Pasa radius draw an arc cutting, 
at Q,, the circle passing through Q; with Q, as a center and 
the same radius describe the part P’ KR of the tooth profile 
above the base circle. The part P’ R below the base circle 
is a part of the radius OP’. 


140. In drawing any of the curves previously described, 
the greater the number of parts into which the describing 
or base circles are divided, the greater will be the accuracy 
obtained. The profile of the rack tooth used for involute 
gears is a Straight line making an angle of 15° with a line 
drawn perpendicular to the pitch line. Its construction is 
shown in Fig. 7. 


DEFINITIONS AND CALCULATIONS 


141. When a revolving shaft transmits motion to 
another shaft parallel to it by means of gear-wheels or tooth- 
wheels in such a manner that two corresponding points, one 
on each gear-wheel, always le in the same plane, the two 
gears are called spur gear-wheels. When the shafts are not 
parallel, but their axes intersect ina point, as O in Plate 1015, 
they are called bevel gear-wheels. If two bevel gear- 
wheels that work together have pitch diameters of the same 
size, they are called miter gear-wheels. 

From what has preceded, it is evident that the circular 
pitch multiplied by the number of teeth equals the circum- 
ference of the pitch circle. 


Let ~ = circular pitch of gear-wheel; 
# = number of-teeth; 

@= pitch dianteter; 

TT 


= 3.1416 (z is pronounced pi). 


Then, got 
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or, the diameter of the pitch circle equals the circular pitch 
multiplied by the number of teeth divided by 3.1416. 


p= @) 


S 
or, the circular pitch equals the pitch diameter multiplied by 
3.1416 divided by the number of teeth. 
an 
ee (3) 
or, the number of teeth equals the pitch diameter multiplied 
by 3.1416 divided by the circular pitch. 

When constructing cycloidal teeth for gear-wheels, the 
diameters of the describing circles are usually made equal 
to one-half the diameter of the pitch circle of a gear-wheel 
having 12 teeth of the same pitch as those of the gear- 
wheel about to be made. 

Let @' be the diameter of the describing circle; then, 


Dias Boyes cai! fae ae dey 


Addendum = .3/; root = .4f; thickness of teeth for cast 
gears is .48/, and for cut gears $2. 


PLATE 1014, TITLE: 
GEAR AND PINION 


142. This Plate shows the halves of two cast gear- 
wheels having cycloidal teeth, which work together, a 
cross-section of each gear being also given. The drawing 
is full size, the wheels not being shown entire for want of 
room; to have done so it would have been necessary to make 
the drawing to a reduced scale. The pitch is 1”, the num- 
ber of teeth in the large gear is 36, and in the small one 18. 
The pitch diameter of the large wheel is found by formula 4 
to be 

wr lacie 
~ B8.1416 


= 11.46”, nearly 
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The pitch diameter of the small gear 


Makai: 


eee Ql 
aie: 5.73”, nearly 


The diameter of the describing circle is found by for- 
mula 4 to be 


For all practical purposes, the diameter of the describing 
circle may be taken to the nearest 16th inch. For circular 
pitches under $”, approximate the diameter of the describing 
circle to the nearest 32d inch. To find the nearest 16th 
or 382d, multiply the decimal part of the diameter by 16 or 
32 and take the nearest whole number of the product as the 
number of 16ths or 82ds that the decimal represents. 
Thus, in the above, the decimal part of the diameter is .91”; 
.91 X 16 = 14.56. The nearest whole number to 14.56 is 
15; hence, the diameter of the describing circle is 148". If 
the diameter had-been required to the nearest 32d, .91 x 32 
= 29.12; 29 is the nearest whole number; hence, the diam- 
eter would be 128". In this case, take the diameter as 14%”, 
approximating to the nearest 16th for all circular pitches 
apove 4 .- +The addendum willtbe. 23: 1" =-.3"; the root 
a4 =. 4 + and the thickness of the tooth on the piteh 
cincle = 48S = 148". / 

Draw the line of centers OO’ between the two axes. 
With O asa center describe a semicircle having a diameter 
of 11.46”, cutting OO’ in P. With O’ asa center describe 
a semicircle having a diameter of 5.73’’ which shall be 
tangent to the first circle; this semicircle also cuts OO' 
in P. These are the pitch circles. Divide the larger pitch 


circle into a0 or 18 equal parts by using the protractor. 


a } 

This is accomplished by laying the protractor on the draw- 

ing in such a manner that the center of the protractor coin- 

cides with the center O of the gear-wheel and then laying 

off on the drawing 18 divisions, each equal to 10°. The 
39—14 
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reason for this will be clear when it is remembered that 


° 


: : 360 ; ae 
there are 360° in a circle, or Boe Lehn 180° in a semicircle, and 


as there are 18 teeth in the semicircle, 180° +18 = 10°, 
which is the angle between two lines drawn from the cen- 
ters of any two consecutive teeth to the center O. Ina 
like manner, any circle may be divided into parts by using 
the protractor; “Make CC= .3" > addendum, and € C, 
=i 4’ = sroota a Withed yas a-centenvand 0G, (and (Gnas 
radii, describe light circles, called addendum and root 
circles, to represent the tops and bottoms of the teeth. 
Consider the points of division just laid off on the pitch 
circle as the centers of the teeth, and lay off on each side 
one-half of the thickness cd of the tooth, or .48 x }$ 
= .24".. Upon another sheet of paper strike a short are of 
the pitch circle and construct the profile of the tooth as 
described in Plate 1013, using describing circles 148” in 
diameter. Having found the centers Q and Q of the cir- 
cular arcs used for the profiles of the teeth, draw circular 
arcs through these centers, as previously described; then, 
with O (see Plate 1014) as a center and the same radii 
describe circles; these circles will contain the centers of the 
circular arcs which form the teeth profiles. With the 
point A as a center and a radius equal to the radius of 
the face of the tooth (found on the other sheet of paper), 
describe an arc intersecting the circle of face centers at Q. 
With Qasacenter and the same radius, describe the arc A D 
for the face of the tooth, the point JY being the point of 
intersection of A D with the addendum circle. In the same 
way draw the remaining faces of the teeth. To draw the 
flanks take a point representing the intersection of a tooth 
profile with the pitch circle (the point B, for example) as a 
center anda radius equal to the radius of the flank found on 
the other paper on which the tooth profile was drawn, and 
describe an arc intersecting the circle of the flank centers 
in Q,. With Q, as a center and the same radius, describe . 
the flank curve, stopping at the root circle. Draw the flanks 
of the remaining teeth in the same way and then put in the 
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fillets. The remaining part of Fig. 1 can be easily drawn 
from the dimensions given. 

Fig. 2 is a conventional method of drawing cross-sections 
of gears. The hubs and rims are sectioned, but the teeth 
and arms are not. This is similar to the wheel shown on 
Plate 1005. This method of sectioning makes the views 
clearer and saves the time spent in sectioning. 

In Fig. 8 the entire gear is sectioned,’except the teeth. 
The student should now be able to finish the Plate without 
further instructions. 


PLATE 1015, TITLE: 
BEVEL GEARS 


143. To draw in section and projection two cast bevel 
gears whose axes intersect at right angles: The number of 
teeth in the large gear is 20, in the pinion 16. The circular 
pitch is 1’’; the teeth are to be of the cycloidal form, having 
a face 2’ wide. In any kind of gearing, whether spur, 
bevel, or spiral, the smaller wheel is called the pinion. 

Calculate the pitch diameters, addenda, roots, and descri- 
bing circles by the same rules that were given for spur 
gears. 


: eee TG ae ms 
Diameter of pinion = Paes ae 5.09 
Res Ne an Mcrae wth - 
Diameter of the large gear = Saye GUE 6.37 
Di t f describing circle = Ores == Ul ey 
iameter of desc g Nia aa ee 


Take this as 144", as in the last Plate. 

Addendum = .3”; root = .4”. The sectional view, Fig. 1, 
must be drawn first. Draw P?P' and through some point P' 
on this line draw P' P, perpendicular to it. Lay off PP' 
equal to the diameter of the pinion = 5.09"; also P' P, 
equal to the diameter of large gear = 6.37". Bisect 
PP' and P'P, and draw O M and OW perpendicular to 
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those lines at the point of bisection; they intersect in O. 
OM and OW are the axes of the two gears and intersect 
at right angles as required. Draw POP, and P’O. 
Through Pdraw A PM perpendicular to OP. Through P' 
draw MP'N perpendicular to OFP' and through P, 
draw P. NV perpendicular toOP,. PMand P' M intersect 
at M on the line OM; P'N and FN intersect at JV, on 
the: lines O WV; = Way - oft 4? (Cer C mandieoO- eachecatar 
to 2", or the width of the face of the teeth; these lines are 
called the pitch lines, and the width of the face of the 
teeth is always measured on these lines. Lay off PA equal 
to .3" =the addendum, and 7 4 equal to 4% = the root: 
Lay off P’ & and P’D for the addendum and root of 
the other side, and P’ £' and P' D, for the addendum and 
root of the large gear. All these addenda and roots are 
each equal to .3’’ and .4", respectively. In bevel gears, all 
straight lines of the tooth profiles pass through the point of 
intersection O of the axes; hence, draw A O, and A A’ will 
be the projection of the top of the tooth. Draw 40, and 
B L' will represent the bottom of the tooth, the line A’ CB’ 
being perpendicular.to.O Fs Make. BY’, DF, Def, ete: 
each equal to $”, according to dimensions. Join /’, /, /, 
and F,, with O, intersecting the perpendiculars through C, C’, 
and C, (namely, the lines A’C SB’, etc. produced) at G’, G, 
G,, and G,. G’', Gand G, G, will represent the bottom of 
the gears. The rest of the sectional part can be drawn 
from the dimensions. 


144, To show the shape of the teeth, proceed as follows: 
For. the large ‘gear, take /V as a-center, VP" asa, radius, 
and describe an arc. Choose a point #7 and lay off H H' 
= .48 times the pitch = .48”, or the width of the tooth. 
With VZ' and VD, as radii, describe the addendum and 
root circles. Roll the describing circles upon the arc whose 
radius is VV P’ and construct the tooth profile in exactly the 
same manner as in Fig. 4 of Plate 1013, OQ Hand Q, H’' being 
the radii of the faces and flanks. To show the shape of the 
same tooth at C’, draw C’ WV’ perpendicular to OP’, or, 
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what is the same thing, parallel to VP’. With V’C'asa 
radius and JW as a center, describe an arc. Draw VA 
and JV H', and the distance between the points of intersec- 
tion on the arc just drawn, measured on that arc, will be 
the pitch of the gear at the bottom of the tooth. With 
the same center and WV’ £, and NW’ £,as radii, describe arcs 
representing the addendum and root circles. Draw VQ 
andruViONealso O77 and: 0, 7’. Through Kidfawek.7' 
parallel to AQ, and through KX’ draw K'Q, parallel 
to /f’Q,; the points of intersection Q’ and Q, of these 
lines with VQ and VQ, are the centers for the face and 
flank of the tooth at A and KX’. Circles passing through 
these points concentric with JV contain the centers of all the 
circular arcs forming the tooth profiles that may be laid off 
upon the arc whose radius is VK. The whole process is 
called developing the teeth of bevel gears. 

In the same manner construct the tooth curves for the 
pinion, using the same describing circles, 14%’ in diameter, 


and MJ P', M' C’ as radii, instead. of VP’ and VC’. 


145. To construct the other view, draw first the projec- 
tion of the pinion. Drawthe center line #7”. Produce the 
lines F', DB, P’ P, and & A across the drawing, as shown. 
Choose a point Son mm as a center and draw a quadrant 
with a radius equal to the radius of the pinion, as SP. 
Project the points D and Z upon QO in D,and£,. With S 
as acenter and the distances £, & and D, Yas radii, describe 
quadrants to represent the tops and bottoms of the teeth, 
that is, the projection of the addendum and root circles of 
the pinion in Fig. 2. Since the whole pinion contains 
16 teeth, the quadrant will contain 4 teeth; hence, divide 
the quadrant into 4 equal parts on the pitch circle to repre- 
sent the centers of the teeth. Lay off on each side of the 
points of division distances ge and gd, each equal to one- 
half the thickness of the tooth. On each side of the points 
of division on the addendum circle lay off 4/ and “ce, each 
equal to one-half the thickness of the top of the tooth / X, 
Fig. 1, measured on the addendum circle. On each side of 
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the points of division on the root circle lay off 7d and 74a, 
each equal to one-half the thickness of the tooth at the root, 
as O P, Fig. 1, measured on the root circle. Having now 
three points on each side of all the teeth to the right of the 
center line mx, project them upon the lines EA, P'P, 
and D B, produced as shown. For example, project fand ¢ 
upon £ A in f' andc’; cand dupon P’ Pine’ and d';.d anda 
upon DZ ind' anda’. Draw acurve through these points, 
either by using an irregular curve or by circular arcs. 
This remark also applies to the other curves shown in the 
quadrant. 


146. The tooth curves in Fig. 1 must be drawn as accu- 
rately as possible, but those shown in Fig. 2, being oblique 
projections, are drawn to satisfy the eye, and no particular 
accuracy is required. To find the points on the tooth 
curves at the bottom of the pinion, describe a circle having 
a center O, upon #2, which shall be tangent to PP’ and 
have a diameter equal to 6.37" = the diameter of the large 
gear. Through JS’ and A’, Fig. 1, draw lines parallel 
to OO,; also draw other lines through O, and the points a’, 
ff, €vete,, cutting the lines*first drawn ind "if" sc" etc. 
Two points are considered enough in this case, as the curves 
are very short. They may be drawn in with the irregular 
curve in the same manner as the tops. The other teeth are 
drawn in a similar manner. Draw the middle tooth first. 
The left-hand half of the pinion is exactly the same as the 
right-hand half. 


14%. To draw the projection of the large gear, project 
the points £', D,, L, and R upon the axis OW, in the 
points £,, D,, Z,, and &,, and with O, as a center and radii 
equal to £,2£', D,D., L, L, and &,R, describe circles: to 
represent the addendum and root circles of the tops and bot- 
toms of the teeth in Fig. 2. Divide the pitch circle into 
20 equal parts, to correspond with the number of teeth in 
the large gear, beginning with the point of intersection of 
the pitch circle with the center line x. Lay off on each 
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side of these pitch-circle divisions, distances equal to one- 
half the thickness of the teeth = one-half of HH’ in Fig. 1. 
By exactly the same method that was used to lay off the 
thickness of the teeth at the top and bottom on the quad- 
rant, lay off the thickness of the top and bottom of the 
teeth on the addendum and root circles in Fig. 2. Draw 
the bottoms of the teeth in exactly the same manner as the 
bottoms of the pinion teeth were drawn. All the teeth of 
the large gear are alike in the projected view. 


148. Bevel gears are always measured according to their 
largest pitch diameter, as PP’ and P’P. If a bevel gear 
were spoken of as 12” in diameter, it would be understood 
that the largest pitch diameter was 12”. 


PLATE 1016, TITLE: 


DRIVING PULLEY, FLYWHEEL, AND CRANK- 
SHAFT 


149. A steam engine has been chosen as a final example 
for this paper. The design is one that will give a great 
deal of practice in laying out various mechanical details and 
in making an assembly (Plate 1021) from the details found 
on Plates 1016, 1017, 1018, 1019, and 1020, which together 
form the complete drawings for this engine. On the various 
plates, the parts have been grouped so as to show their 
general relationship to each other. The scale used is, with 
some few exceptions, 3” = 1 ft. 


150. Of the parts shown on Plate 1016, the pulley and 
flywheel should easily be constructed without any addi- 
tional explanation, by simply following the instructions 
given in connection with Plate 1005. Locate their hori- 
zontal center lines 4," below the upper border line and the 
vertical center lines of the two views of part 1, 48” and 7”, 
respectively, from the left-hand border line. The vertical 
center lines of part 2 should be 43” and 13”, respectively, 
from the right-hand border line. 
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Part 3 is a forged-steel crank-shaft, on one end of which 
is to be mounted the driving pulley and on the other end 
the flywheel, both held in position by keys partly sunk into 
the shaft and partly into the hubs. The crank-shaft con- 
sists of the shaft proper and of two arms projecting at right 
angles, called the webs, which are connected by a short stud- 
like part, the crankpin. The vertical center line of the fly- 
wheel is 113” (see Plate 1016) from that of the crankpin, the 
latter center being coincident with that of the cylinder and 
connecting rod, while the center line of the driving pulley 
is 111” to the other side of the crankpin center. It should 
be noticed that on the Plate the abbreviation ¢ has been 
used for the term center line. 

After the flywheel and driving eailees have been mounted 
on the shaft, the latter is placed in the bearings of the 
engine frame. ‘The centers of these bearings are indicated 
as being 51’ to either side of the crankpin center. It will 
be noticed that the two keyways are not alike, the one for 
the driving pulley being cut clear to the end, while the one 
for the flywheel stops a short distance from the end. The 
stroke of the engine is determined by the distance between 
the horizontal center line of the crankpin and that of the 
shaft. This distance is here 4” and the stroke will therefore 
be AWE Se = a sey 

The shaft is 24” in diameter; the web is 23” wide by 
14” thick and rounded off to a radius of 62”, Locate the 
center line of shaft 3’’ above the lower border line, and the 
vertical center line through the crank and end view of shaft 
448" and 92”, respectively, from the left-hand border line. 


PLATE 1017, TITLE; 
ENGINE FRAME 


151. On this Plate are shown a plan, a side elevation, 
an end view, two cross-sections, and some details of the 
engine frame, all drawn toa scale of 3’ = 1 ft. The ele- 
vation and plan are to be drawn together. Locate the 
center lines of these two views 2} and 62”, respectively, 
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below the upper border line and extend them the whole 
length of the Plate, as they are also to serve for the end 
views. ‘The vertical center line, which in both views passes 
through the center of 

crank-shaft, should 4 


ee ae 2 
be 24” fromtheright-  ; Sie 


a 


hand border line. ei 
Mocate the. main 

horizontal dimen- 4 + 
sionsfromthiscenter [| Py Dich Hier 
line. Draw the base | 9, Hag | 
line of the elevation ra A | 
9’ (to scale) below Fy, MOR 

thes centers ‘of “the ; ape ee 


crank-shaft and make | 
the base of the pedes- | | 


tal at crank-shaft end | | 
of frame 11$” long | 
and 153?” wide. The \I Cnty | 
position of the center ie | 
line of the base at the | 
cylinder end is found | | 


by laying off 3 ft. 34” TN, Sp 

(the distance between Xe Ne 

shaft center and cyl- ya ee fé 

inder end of frame) Ne Be 
; \a 

and then measuring \d hp 

back 8”; the base at : a g 

this end is 14” long ON 

by 94” wide. ; 


The two cross-sec- 
tions, one of whichis m 
taken sat-4°A and PIG. 52 
the other at 4B, indicate the shape of the frame, showing 
that the latter, on the whole, is cylindrical. The elevation 
shows that the lower part of the frame curves downwards 
before joining the base under the crank-shaft. The form 
of this curve as it appears in the elevation is determined by 


124 MECHANICAL DRAWING § 14 


locating a number of points from the vertical and horizontal 
center lines and base line, as shown by the dimensions on 
the drawing. The points are then joined by lines drawn 
with the irregular curve. Before joining this curve to the 
cylindrical part of the frame, draw first the bead-like rib 
seen at this end, indicated by a circle 2?” in diameter (see 
section on B&) and draw the curve tangential to this 
circle. The pedestal is pyramidal in shape, as seen in the 
elevation, with a semicircular opening in the top. To 
show this opening properly in the plan view, the special 
construction shown in Fig. 52 is required, in which 
the lower view represents the end of the frame in 
elevation. The semicircle, 63’ in diameter, representing 
the lower part of the opening, is supposed to have been 
turned at right angles about its vertical radius so as to lie 
in the plane of the paper. Only a quarter circle has been 
shown—the other part being symmetrical to it—and this has 
been divided into 8 equal parts, as shown at @3, bc, cd, etc. 
From these division points, projectors are drawn at right 
angles to side of frame, as indicated by lines @a,, 00,, ¢¢,, etc. 

A plan view of the opening is now to be drawn above the 
elevation by first drawing the semicircle a, z,a,, representing 
a plan of the opening, and dividing it in 16 parts, since the 
whole semicircle is shown here. Draw horizontals from the 
points @,, b,, ¢,, etc., letting them intersect verticals from 
the points @,, 0,,¢,, etc., the points of intersection being 
points on the curve, as shown at a,, 6,, c,, etc. Draw 
horizontals through the two points a, toward the center 
line, when the lines £a, and /a, will indicate the outline of 
the opening as it will appear in the plan view. Verticals 
have been shown as only intersecting the horizontals from 
the lower half of the semicircle, but it is understood that 
they should be continued so as also to intersect those in the 
upper half, this part of the view being symmetrical to the 
lower half. 


152. The face of the crank-shaft bearing is inclined at 
an angle of 45° with the horizontal, and has two 2” studs 


§ 14 MECHANICAL DRAWING 128 
. tapped into the frame for each cap. The 'ower half of 
the bearing and the cap are each lined with Babbitt 3" thick. 


For aid in drawing these bearings in the plan view, the 
student should refer to Fig. 53. The method employea is 
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identical with that used in Fig. 52, and for this reason it was 
not thought necessary to supply it with reference letters or 
to enter into any detailed description of same. The dimen- 
sions of the plan view @a@, shown in connection with the 
main elevation in Fig. 53, are derived from the plan view of 
the cap, part 2, the outlines being identical for both parts. 
The outlines of the stud holes and the curved parts of the 
frame adjoining same are divided into a certain number of 
parts, not necessarily as many as are indicated in the illustra- 
tion, and these points are projected to the main elevation. 
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Another plan view 06, located as shown, is subdivided 
in a similar manner, and from the points of division, hori- 
zontals are drawn intersecting vertical lines drawn from the 
elevation at the points indicated. When these points are 
joined by circular arcs, the centers of which must be found 
by trial, the true outlines of frame and holes will be found, 
and as they will appear in the plan. 


153. The walls of the frame are §” thick and have a 
raised surface that is bored for the crosshead slide, as indi- 
cated in the cross-section, and by means of dotted lines in 
the plan view and elevation. These surfaces are 12}” long 
and bored to a diameter of 6}, the centers of the surfaces 
being 154” from the cylinder face. There is at the center 
of the upper surface a grease or oil receptacle through 
which the crosshead is oiled. Near the middle of the open- 
ing in the side of the frame will be seen the four bosses that 
support the valve-stem guide by means of four 4” hexagon- 
head bolts, part 7. 

The boss on the cylinder end of the frame projects into 
the center bore of the cylinder, but an actual fit is only had 
along the small shoulder ~y" high. The cylinder is held in 
position by the seven studs, part 5, which are tapped into 
the frame end. In the end view, shown to the left of the 
plan view, the plan of drilling and tapping for these studs 
is indicated, from which it is seen that all the studs are not 
equally spaced. Locate the vertical center line of this view 
143’ from the left-hand border line. Next draw the cross- 
section taken on line A A of the elevation, with its center 
line 2-3," from the left-hand border line. This section is 
intended to represent the right-hand part of the elevation, 
but most of the parts beyond the plan of section have been 
omitted to avoid any superfluity of lines. Two of the bosses 
that support the valve-stem guide are also seen in this view. 

Below and on the same center line the other sectional 
view is to be shown. The outlines of this section are cir- 
cular arcs, the exterior one having a radius of 4’. Locate 
its center 2} above the lower border line. To define the 
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height of this section draw a horizontal line at a distance 
above its lowest point equal to the height of the frame along 
the line SZ (this distance should be measured on the draw- 
ing) in the elevation. #B£ should cut all four curves at as 
nearly right angles as is possible. The frame is &” thick at 
this place and a circular arc with a radius of 33" is therefore 
drawn concentric to the former arc. Tangential to this 
inner arc and to the horizontal, top, boundary line, draw two 
circles with a radius of 3”; draw fillets between these cir- 
cles and the outside arc. 


154. Next draw the bearing cap, part 2, shown in plan 
and elevation, with the grease cup, the top of which makes- 
an angle of 45° with the horizontal and whose sides are out- 
lined by a curve with 13” radius. The reason for this 
inclination is the necessity of having the upper edge of cup 
horizontal when the cap is in position on the frame. 

Part 3 is the gland that fits about the piston rod and 
holds the piston-rod packing in place in the stuffingbox. 
The latter is made by reccssing the inside of the frame, as 
indicated by dotted lines at the cylinder end of the frame. 
The position and shape of this recess are shown by the 
dotted lines. Two }” studs, part 4, which are tapped into 
the frame at f/f’, support the gland. 


PLATE 1018, TITLE: 
VALVE GEAR 


155. The cross-section assembly in the upper part of 
this Plate shows the relation and connection between valve, 
guide, slide, eccentric rod, eccentric strap, and eccentric 
sheave, all these parts being detailed elsewhere on the 
drawing. All the parts are drawn half size, except part 4, 
drawn full size, and all are provided with reference numbers 
corresponding with those on the assembly. Draw the 
details first, then the cross-section assembly. 
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156. Part 1, the valve, is made of cast iron from pat- 
tern 1018-A. It isa cup-shaped device, through the top of 
which the valve rod, part 177, passes. Its position in the 
steam chest regulates the entrance of the steam through 
the ports that connect with the ends of the cylinder and 
permits also the exhaust steam to pass from these ports 
into the exhaust port, which connects with the exhaust 
pipe. 

Locate the horizontal center line of the valve-rod boss 
3,9,"' (actual measurement) below the upper border line, and 
the vertical center lines of the two views 2” and 4,4”, 
respectively, from the left-hand border line. The left-hand 
view is a side elevation and the other an end view. On top 
of the boss is seen a rib-like projection; this slides on a cor- 
responding rib on the steam-chest cover, which serves to 
hold the valve in place. 


15%. Part 2, the valve-stem slide, is supported by parts 3 
and 4 which, in turn, are bolted to the engine frame 
through the four holes in the bosses shown in the center of 
the opening in the elevation of the frame, Plate 1017. The 
slide is square shaped, with a stud at its center to which the 
eccentric rod is connected. Draw the horizontal center line 
for the two views at a distance of 54” (full size) below the 
upper border line and the 
vertical center lines 243” 
and 6,8;"", from the left- 
hand border line. 

Parts 3 and 4 are the 
two halves of the valve- 
stem ‘guide, themsexact 
shape of which is some- 
what difficult to under- 
stand from the drawings 

FIG. 54 alone. Asan aid in gain- 
ing a clear conception of this part, the perspective view, 
Fig. 54, has been added. The junction of the parts is 
faund along the center line common to the plan view and 
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adjoining end view, part of each of the four bosses belonging 
to the front and part to the rear of the guide. he front of 
the guide has a rectangular opening 14” x 33”. Locate the 
horizontal center lines of the two upper views 51” and that 
of the lower view 34” above the lower border line. Draw 
the vertical center lines 24” and 53”, respectively, from the 
left-hand border line. 


158. Part 5 is the clamping nut that locks the eccentric 
rod to the eccentric strap, part 9. Locate the two views on 
the same center line as the lower view of part 4 and leave a 
space between the three views of 2” and }” (full size), 
respectively. It is noticed that the hole in the nut is 
threaded only up to a distance of 2’ from the outer end, 
this part being enlarged in diameter. According toa rule 
previously given, threads are to be omitted on tapped 
holes shown in elevation by means of dotted lines. Con- 
trary to this rule threads have been added to some 
of the holes indicated on this Plate, as, for instance, 
on part 4. Here the addition of threads brings out 
more clearly the fact that this hole is not threaded along 
its whole length. 

Parts..6- and. 7~ are’ the eccentric rod and “strap, the 
threaded end of part 6 being screwed into part 9, while 
the other end, together with part 7, is clamped about 
the stud on part 2. The bolts, part 15, pass through the 
strap and screw into the threaded holes in the rod. 
Locate the horizontal center line 1;%’’ (full size) above 
the lower border line and leave a space of ,%'’ between 
the first view and left-hand border line, and spaces 
of 42" and 4” between the first, second, and third views; 
make the latter 44" long and leave a space between this 
and the fourth view of =". 


159. Part 8 is the eccentric sheave, which is fastened to 
the crank-shaft by means of the two setscrews 77 that pass 
through the tapped holes indicated. Its center is #’’ to one 
side of the shaft center, this distance determining the ¢hrow 
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of the eccentric and the travel of the valve. Draw the 
horizontal center line 2," above the lower border line 
and the vertical center line of the elevation 7} from the 
right-hand border line, leaving a space of 3%’ between 
the two views of this part. 

Parts 9 and 10 are the halves of the eccentric strap which 
embraces the revolving eccentric sheave. They are pre- 
vented from sliding sidewise by the engagement of the cen- 
tral rib on the sheave with a corresponding groove in the 
strap. Two bolts 16 are inserted through holes in the latter 
and hold the halves together by means of nuts and check- 
nuts. The lines of intersection between the oil cup and 
strap, as shown in elevation, are indicated by two curves, 
the radii of which have not been indicated, as it will suffice 
if the student draw them approximately. The same remark 
applies to the intersections shown in the end view. The 
sectional view shown below the elevation is a section taken 
along the horizontal center line. Locate it and also the 
center line of the sectional view 5,%,"' and 8,5,", respectively, 
below the upper border line and lay off the vertical center 
lines 6,3,” and 28”, respectively, from the right-hand border 
line. 


160. The valve rod, part 71, is shown in position in the 
sectional assembly and is detailed in the upper part of the 
Plate. It has two long threaded portions, one at each end, 
on which the nuts 72, 14 and check-nuts 13 are screwed, 
whereby the valve and slide may be secured to the rod and 
the distance between the valve and slide adjusted. When 
drawing part J/, locate its center line 3’ below the upper 
border line, its right-hand end 42” from the adjacent border 
line, and make the rod 5?" long (actual measurement). 
The distance from end to end of the threaded portion should 
be 18”, 

In drawing the assembly, lay off the center line of the 
valve rod 1,3,’ below the upper border line and the vertical 
center lines of the valve, slide, and shaft 2”, 7”, and 14”, 
respectively, from the left-hand border line. 
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PLATE 1019, TITLE: 
PISTON, CROSSHEAD, AND CONNECTING-ROD 


161. In the sectional assembly, Fig. 55, is seen the pis- 
ton 1, which is given a recip- 
rocating motion in the steam 
cylinder by the steam acting 
alternately on either side of 
it. Its motion is conveyed 
by the piston rod 4 to the 
crosshead 5, the latter con- 
taining in its interior one end 
of &the- cconnectine —rod.) 73 
swinging around a pin 8, 
while the other end has a 
bearing 1/4 that embraces the 
crankpin. In this manner 
the force acting on the piston 
is transmitted to the crank- 
pin, where the reciprocating 
motion of the piston 4s 
changed into a rotary one. 
All the views on this Plate 
are drawn half size, except 
those of parts 3, 4, 6, 8, and 9, 
which are drawn full size. 
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diameter of the hole varies from 2” to 43”, the latter dimen- 
sion applying to a point 7)’ from end of hole at which 
place the hole is countersunk, enlarging the diameter to 1”. 
Locate the horizontal center line of the two views, 2” from 
the upper border line, and the vertical center line 143” from 
the left-hand border line, leaving a space of 7%’’ between the 
two views. 


163. The piston ring, part 2, fits in the groove around 
the outside of the piston; it provides a steam-tight fit 
between the piston and the cylinder walls, and is for this 
reason made expansible by leaving an opening of 2%” 
between its ends. It will be noticed that the ring is larger 
in diameter than the inside one of the cylinder; but when 
sprung into place in the cylinder it will adjust itself to the 
cylinder bore and the two ends will approach each other, 
until they nearly touch. The horizontal center line of the 
two views may be drawn 5%," from the upper border line, and 
the vertical center line of the elevation placed 143” from’ the 
left-hand border line; a space of 35" is left between these 
views. 

The crown nut, part 3, fits the end of the piston rod and 
fastens the piston securely to the latter. To prevent an 
accidental turning of the nut, it is provided with a series of 
grooves into which fits a pin, which also passes through a 
hole in end of piston rod. The horizontal center line of 
these views is placed 214” from lower border line, and the 
vertical one of the elevation 5” from the left-hand border 
line, leaving a space of §” between the views. 


164. The piston rod, part 4, is tapered at both ends, 
one to fit the piston and the other the crosshead. When 
the dimension of one end of a tapered piece is given, together 
with its length, the dimension of the other end may be 
found either by calculation or by construction. In the first 
case it is found by means of proportion. For instance: the 
taper at one end of the rod is 1 in 16, the full diameter of 
the rod 1”, and the length of the tapered portion 24”. 
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The proportion1: 16 = x: 21” givesa value for x of .1406: 
by subtracting this value from 1” it is found that the extreme 
end of the rod should be 1” — .1406” = .8594” = .8594 
xX $4 = $2" in diameter. : 

If this diameter is found by construction, proceed as fol- ° 
lows: A taper of 1 in 16 is, of course, equal to 7 in 1. 
Multiply the fraction expressing the increase or decrease 
in 1" by some convenient length, preferably by some number 
that will divide the denominator without a remainder, in 
this case, by 4, obtaining #,’’ x 4 = 1”; this represents 
the difference in the diameters 4’ apart. Hence, 4" from 
where the taper begins draw a line at right angles to the 
center line and lay off on it on either side of the center line 
4" — (4" +2) = 2”. Join the points as laid off with the 
extremities of the line defining the beginning of the taper 
by straight lines, and measure back from this line the length 
of the tapered part 24”, drawing through this point a line 
perpendicular to the center line. At the other end of the 
rod the diameter is 3’, and the taper is1in12. This end 
is to fit the hole in the piston, part 7, and as the diameters 
and length of the hole is given in the views of the piston, 
the tapered part of the piston rod may be drawn by means 
of these dimensions. 

Locate the center line of the rod 1” above the lower 
border line; leave a space of 3?” between the rod and the 
left-hand border line and make the rod 8” long. 


165. The crosshead, part 4, is fitted to the piston rod 
by the tapered key, part 6, which is driven through it and 
the piston rod, the hole in the piston rod being indicated by 
dotted lines at the right-hand end, part 4. The crosshead 
receives the end of the connecting-rod, which is kept in 
place by the crosshead pin, part 8. The upper and lower 
interior surfaces of the crosshead taper toward the closed 
end, while the vertical sides are parallel and provided inside 
and outside with bosses around the holes for the pin. On 
top and bottom of the head, holes are tapped for the screws 
that hold the wearing strips, part 7, in place. Lay off the 
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center line for the elevation and end view 12”, and that of 
the sectional plan 41’ below the upper border line. Let the 
vertical center line of the two left-hand views be 74" from 
the left-hand border line, and place the remaining view 
41" to the right of the elevation. 


166. The connecting-rod, part 13, is shown broken, the 
size of the Plate not permitting it to be drawn full length. 
The method employed in laying off the correct taper of the 
remaining parts is similar to that explained in Art. 164. 
The places where the tapered portion of the rod begins and 
ends are found by drawing verticals through the centers of 
the fillets at either end, which are struck with aradius of 2”; 
the points of intersection between the verticals and the fillet 
arcs are the initial points of the tapered part. It is found 
by calculation that the total length of the tapered part is 
16;,". Knowing this length and the diameter at either end 
of this part the student should be able to construct the 
taper. 

One end of the connecting-rod receives the bearings, 
parts 10 and 11, which fit over the crosshead pin, part 8. 
The other end of the rod is attached to bearings 14, for the 
crankpin. ‘The bearing, parts 10 and //, is prevented from 
moving sidewise along the crosshead pin, because its width 
is just equal to the distance between the inside surfaces of 
the bosses on crosshead. The two parts of the bearing are 
forced toward the pin by means of the wedge, part 12, 
which may be raised or lowered by turning the adjusting 
screws, part 17, in the proper direction. Notice that the 
holes through which these screws pass are countersunk 
about ;8;’’ for the screw heads; hence the twe slight curves 
in the outer line defining the outline of the small end of the 
rod in the elevation. Draw the horizontal center line of the 
elevation and end view 6,8; and of the bottom view 713” 
below the upper border line. The vertical center line cor- 
responding to the center of the crosshead pin is 93’ and the 
one through the end view is 3;%’’ from the right-hand bor- 
der line. 
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16%. Next draw the crosshead pin, part 8, with its cen- 
ter line 53" from the right-hand border line and its top 4,3,” 
above the lower border line. Also the nut, part 9, that 
screws on its lower end and locks the pin to the crosshead. 
Draw the center line for the nut 34" above lower border line 
and locate the center line of the elevation 8%” from the 
right-hand border line; a space of 4" is left between the two 
views. Both of these views are drawn full size. 

Draw the bearings, parts 10 and 11, and also the wedge, 
part 12. The center line of the first two views should be 
13” below the upper border line, and that of the right-hand 
view 312” from the right-hand border line, leaving a space 
of +’ between the two views. In locating the views of the 
wedge, leave a space of 41” between them and the right- 
hand border line. The top line of the upper view should be 
22" below the upper border line and a space of }” left 
between the two views. 


168. The halves of the bearing for the crankpin, part 14, 
are symmetrical and only one of them need be shown, 
Locate the center line of the two upper views 148” below 
the upper border line and the vertical center line of the 
right-hand view 7” from the right-hand: border line; leave a 
Space of 4+ between the views. The center line: of the 
lower view should be 4” below the upper border line. 

Draw the connecting-rod strap, part 15. The bolts, 
part 18, pass through this strap and the connecting-rod, 
holding the bearings, part 14, in position and clamping them 
to the crankpin. Draw the center line of the strap 6” below 
the upper border line and locate the views 143” and ;", 
respectively, from the right-hand border line. 


169. Part 7, the wearing strip mentioned above, is 
somewhat peculiar in form and the three views should be 
studied carefully in order to obtain a clear idea of its true 
shape. Place the center line of the upper views 43” above 
the lower border line and let the vertical center line of the 
plan be 13” from the left-hand border line; leave a space of 
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4” between the two views. Place the third view $” below 
the plan view. 

In drawing the remaining detail, part 6, locate the upper 
side of the elevation 51%” below the upper border line. 
Leave a space of 43” between the left-hand border line and 
the view next to same, and a space of 3" between the views 
themselves. The end view may be placed 2” below the 
others. The taper can be laid off directly from the dimen- 
sions; if, however, one of the dimensions, say the one 
marked 13” had been omitted, the extreme left-hand vertical 
line would be drawn first, next the line whose dimension is 
marked 1,1,” laid off, and a perpendicular drawn downwards 
through its right-hand extremity, then the length of the 
lower side may be found in the following manner: A taper 
of 1 in 8 is equal to 4” in 2”; hence, lay off 2’’ downwards 
on the perpendicular last drawn, draw a horizontal line 
through point just laid off, and measure off to the left of 
this point #’; the point so determined is the other extreme 
point of the taper. 


170. All necessary information required in explanation 
of the sectional assembly has already been given in connec- 
tion with the various parts and partly also in Art. 161. 


PLATE 1020, TITLE: 
CYLINDER AND VALVE-ROD STUFFINGBOX 


171. On this Plate are given four views of the cylinder, 
part 7. Taken from left to right there is a sectional plan, 
a sectional elevation, a bottom plan, and, below the first 
view, a front view of the steam chest. The first view is 
also made to serve as an assembly, as the position of the 
various parts located in or on the cylinder are indicated by 
means of dotted lines. These lines are not to be repro- 
duced by the student, as they are simply inserted to aid him 
in understanding the relation between the various parts. 

The cylinder is of cast iron and hollow; onone side it has 
a box-like extension, called the steam chest, with a boss z, 
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Fig. 56 (6), 
to be screw 


on its upper side, into which the steam pipe is 
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this pipe and 
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Fig. 56 (a) 
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the ports the steam shall enter and how long its flow is to 
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continue. In Fig. 56 (a), the steam has entered through 
port a, driving the piston to the right; but in the present 
position of the valve the latter has already advanced so far 
to the left as to shut off the steam, allowing it to expand. 
The steam that at the previous stroke has been acting on 
the right side of the piston is now escaping through port a’ 
into the valve and out through the exhaust port 4 into the 
exhaust pipe, screwed on at g, Fig. 56 (0). The manner in 
which valve d receives its motion has already been described 
in connection with Plate 1018. Parts i, 2, and 3 are 
to be drawn toa scale of 3’ = 1 ft.; parts 4, 5, and 6toa 
seale-of Gi—al it: 2 


172. The sectional plan view is to be drawn first and 
located on a horizontal center line 2}’’ below the upper 
border line; draw its vertical center line 2," from the left- 
hand border line. The bore of the cylinder is 4?” for 82” of 
its length and is enlarged to 442” at a distance of 1}” from 
either end. The walls are 3” thick and the flanges at each 
end 18” thick and 94” in diameter. In the steam chest the 
valve travels on a seat. cc’, 44" from the center line of 
cylinder. The center line of the valve stem is 24" from the 
valve seat, it being understood that the center lines of 
steam pipe and valve stem are located in the same vertical 
plane. The valve is prevented from moving sidewise by 
two ribs ¢, ¢’, $” high and 53” long. One of these is shown 
at e’, Fig. 56 (a), and both are shown in section at e, é, 
Fig. 56 (0), and in plan at Fig. 56 (c). 

The exhaust port 6 is 14” wide and separated from the 
steam ports by webs }” thick. It follows a path around 
the lower part of the cylinder and has walls 8” thick. The 
steam ports have a 3" opening 3” wide, and follow a curved 
path through the walls of the cylinder. The straight parts 
of these ports are centrally located in said walls and are joined 
to the ends of the ports by curves having their centers in 
the valve seat and cylinder bore, respectively. The steam- 
chest walls are 8" thick, with an extension of 1” at 7 and 7’ 
to permit a machine finish to match steam-chest cover. 
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At fis a boss of equal thickness to be finished as a seat for 
the valve-stem stuffingbox, an opening being provided for 
the valve steam 41" in diameter. In the front of the steam 
chest is an opening 64” x 54’. Dimensions for locating the 
stud holes in the cylinder flange for the cover are found on 
the drawing of part 2, and the distance between the stud 
holes in the steam-chest flange is found on the elevation of 
. the steam chest. 


173. In the sectional elevation, to be drawn next, the 
section is taken through the vertical center line of the sec- 
tional plan. The bore of the cylinder, thickness of walls, 
and connections between the exhaust port and the exhaust 
pipe are clearly shown. The width of the valve seat and of 
ribs ¢, ¢’ are also given, showing that the valve has a clear 
bearing on either side of the ports of #’’. This and the fol- 
lowing view are both located on the extended center line of 
the first view. Draw the vertical center line 74’ from the 
left-hand border line. ‘ 

The bottom plan of the cylinder may now be drawn, loca- 
ting its vertical center line 37’ from the right-hand border 
line. Little need be said in explanation of this view. The 
exhaust-pipe opening is shown by full-line circles and the 
steam-pipe opening by dotted circles. One half of the plan 
for drilling the cylinder head is shown to the right, the 
other half being symmetrical. 


174. On acenter line 73” below the upper border line 
locate the fourth view of the cylinder, the longitudinal 
dimensions of which may be projected directly from the 
first view. Through the opening in the front of the chest 
the steam and exhaust ports may be seen, likewise a plan of 
the valve seat and the ribs ee’, Fig. 56 (c). The drill- 
ing plan for the eight studs, over which the steam-chest 
cover fits, is shown at 77’, also the drilling ££’ for the two 
studs, which hold the stuffingbox in place. The frame-end 
drilling plan is shown to the right of this view in Fig. 56 (2). 
The location of the holes corresponds with the position of the 
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studs that are tapped into the engine frame and support 
the cylinder. Locate the center line of this plan 63” from 
the left-hand border line. 


175. The steam-chest cover, part 3, is next drawn in 
elevation and end view. Locate the vertical center line of 
these views 7,5," from the right-hand border line and the 
horizontal center line of the elevation 6,’ above the lower 
border line, leaving a space of 11” between the views. The 
projection /, Fig. 56, (a), (e), and (/), holds the valve in 
place. The cover is recessed inside and out to obviate the 
finishing of any part but those that fit the steam chest and 
on which the nuts for the studs are seated. 


176. Part 2 is the cylinder head, which is bolted to the 
cylinder by means of the eight studs, part 7. The latter are 
fastened in the end of the cylinder before the cylinder head 
is put in place. The cylinder head is slightly recessed on 
the outside, the finish mark applying only to the raised por- 
tion. At m, Fig. 56 (a), is a recess in the cylinder head to 
make room for the nut on end of piston rod when the pis- 
ton is at the end of its inward stroke. 


17%. The views along the lower border: line are all 
located on a center line 142""above same. Begin with part 4, 
the valve-rod stuffingbox, and locate the two views at dis- 
tances of 14’ and 34” from the left-hand border line. The 
stuffingbox is bolted to the steam chest at /, Fig. 56 (a), by 
means of studs 3” in diameter, part 9. 

Part 4 is the gland that compresses and holds the packing 
in place in the stuffingbox, the purpose of the packing being 
to make the fit between piston rod and stuffingbox steam- 
tight. It should be noticed that those ends of the stuffing- 
box and gland that face each other are countersunk, the 
object being to force the packing toward the piston rod. 
Locate these views 51%’ and 7” from the left-hand border 
line. 

Part 6 is the clamping nut that holds the gland, part 5, in 
position and by means of which the latter may be forced 
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more tightly against the packing. Let the center line of 
the right-hand view be 6” from the right-hand border line, 
and leave a space of 3’”’ between the two views. 

The remaining parts, 7, 8, and 9, are studs, the uses of 
which have been described. It will be noticed that the 
studs for 7 are specified as follows: 23” long, thd. 2” x 2”, 
indicating that the studs are threaded for 3" at one end and 
#" at the other end. 


PLATE 1021, TITLE: 
ASSEMBLY OF HORIZONTAL STEAM ENGINE 


178. From the details given on Plates 1016 to 1020, 
inclusive, the student is required to make an assembly 
drawing giving a general view of the engine in a plan and a 
side elevation. , 

That he may have an idea of what he is expected to do, a 
reduced copy of the Plate is given in Fig. 57, in which all 
dotted lines indicating parts not visible have been omitted 
in order to simplify the work. In order to get the drawing 
within the same limits as were used on the preceding Plates, 
it is necessary to use a 4 scale; that is, a scale of 2.4” 
= 1 ft. It will-be necessary, therefore, for the student: to 
construct a scale of this kind, according to instructions 
given in Art. 11. 

When making an assembly view from several detail sheets, 
it is often possible to use the latter directly for tracing pur- 
poses, if both are drawn to the same scale. In that case the 
various detail views are successively laid under the tracing 
cloth and adjusted into such a position that their center 
lines will coincide with those of the views in the assembly in 
which they are to be inserted, after which they are pinned 
to the board. Considerable dodging is sometimes required 
in order that the tracing cloth may be so arranged, rela- 
tive to the board, that overhanging parts do not interfere 
with the free use of the T square. Those parts of the tra- 
cing cloth that extend beyond the edges must be handled 
with care, so as not to tear or wrinkle it. 
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If the assembly had -been drawn to a scale of 3’ = 1 ft. 
it would have been possible in the present instance to trace 
some of the details directly into the assembly, as, for 
instance, the engine frame, but being drawn to a scale dif- 
fering from any of the details it is not possible in this case 
to make any direct use of the detail views in this manner. 


179. Draw the two horizontal center lines 34” and 8" 
from the upper border line and lay off the vertical center 
line through center of cylinder 31’ from the left-hand bor- 
der line. Locate the vertical through center of crank-shaft 
at a distance from the other vertical corresponding to that 
given in engine frame. Draw the side elevation of the bed- 
plate with the bearing caps in position, from the dimensions 
given on the detail sketches, taking care to make the parts 
that are likely to be hidden by the flywheel, eccentric rod, etc. 
light so that they may be easily erased before tracing. 
The drawing may be traced without removing the unneces- 
sary construction lines, but it is better to remove them, 
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since it lessens the liability of inking in lines that will have 
to be erased from the tracing. Draw the plan of the bed- 
plate with the bearing caps, studs and nuts, foundation- 
bolt holes, etc. shown in their proper places and positions. 


180. Returning to the elevation, draw the crank and 
crank end of the connecting-rod in the position shown in the 
general drawing. The method by which to determine the 
position of center of crankpin is shown in Fig. 58, where 04, 
represents the distance between centers of shaft and crank- 
pin and 6, 0,, the two dead centers of the engine. The 
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length of the stroke is indicated by the points a, @,, the 
piston rod in this instance occupying a middle position at 
point a,. To find the corresponding position of the crank- 
pin, draw the circle 4,4, with 64, as a radius; this radius is 
the length of the crank between center of shaft and center 
of crankpin, or 4’ (see Plate 1016). Then with a radius 
equal to the length of the connecting-rod between its cen- 
ters, and with das a center, draw a small arc intersecting 
the line a6, at a,; this determines the center position of the 
piston rod. With the same radius @,0, but with a, as a 
center, draw the arc 646,; the point of intersection J, with 
the circle 6,6, will be the point sought, viz., the center of 
crankpin, when the center of the crosshead pin is at @,. 
A line connecting @, and 4, will be the center line of the 
connecting-rod. 


181. Draw the crosshead, obtaining the dimensions 
from the detail sketch. Complete the connecting-rod in 
both views, and draw the piston rod 1" in diameter. Draw 
both views of the cylinder with the nuts and the steam pipe 
in their proper position, getting all dimensions from the 
detail sketches. 

Draw the center line of the valve stem in the plan view, 
and draw the stuffingbox, valve stem, valve-stem slide and 
its guide in both views. In order to determine the position 
of the valve-stem slide, it is necessary to locate the center 
of the eccentric. Referring to the general drawing, it is 
seen that the eccentric is on the dead center farthest from 
the cylinder. The offset of the eccentric is given as }” in 
the detail sketch; hence, when in this position, the center 
of the eccentric strap will be situated at c, 3” to the right of 
the crank-shaft center on the line pg, Fig. 58. With this 
point asa center, and a radius equal to the distance between 
the centers of the eccentric strap and the hole in the stud 
end of the eccentric rod (see detail sketch), in this 
case 2 ft. 44’, describe an arc cutting the center line pg 
in c,; c, will be the center of the pin on the valve-stem 
slide, which may be completed with the aid of the detail 
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sketch. Complete the drawing of the eccentric, eccentric 
strap, and eccentric rod in both views. 

Finally draw in the bandwheel and flywheel (see general 
drawing for position). The flywheel will be of the same 
diameter as the bandwheel, but only 3” wide. 


READING A WORKING DRAWING 


182. The following general method of procedure has, 
by experience, been shown to be conducive to the accurate 
and rapid reading of a drawing made in projection. rst, 
if the drawing is dimensioned, ignore the existence of the 
dimension lines and dimensions entirely until after the 
general shape of the object is fixed on the mind. Second, by 
referring to the several views, form an idea of the shape of 
the main body of the object; that is, observe if its outline 
shows it to be a cube, a sphere, a cylinder, a cone, a pyramid, 
etc., or a combination of several of these elementary forms. 
The shape of the main body having been impressed on the 
mind, observe how it is modified by details, determining, by 
reference to the several views, whether they project from 
the main body or are recesses, or holes. /7zxally, by refer- 
ring to the dimensions, form an idea of the relative sizes of 
the component parts. Pay due regard to all conventional 
representations that may have been used; for instance, do 
not become confused if the arm of a pulley, or a rib, which, 
truly speaking, should have been in section, is shown in 
full. If two half sections are placed on either side of a 
common center line, remember that each half must usually 
be viewed independently of the other and must be mentally 
completed. 


183. When reading a drawing in which the views are 
correctly placed, it is often a great aid, when the shape of 
some part is doubtful, to project with a straightedge points 
or edges of it over to another view, in order to find the loca- 
tion of the doubtful part. When the views are not placed 
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in their correct relative positions, this cannot be done. An 
example of a case of this kind is given in Fig. 59, and in 
reading a drawing with the view thus placed, the reader is 
supposed to constantly imagine that the views are in their 
correct relative positions; with a little practice this will be 
found to be quite easy. 

In a case of this kind, it is manifestly impossible to pro- 
ject points or lines from one view to the other by means of 
a straightedge, and a different method must be followed. 
Select some surface whose projection appears in both views, 
or a center line; now place a pair of dividers so that one 
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point rests on the projection of the surface or center line 
selected, and open them until the other point reaches the 
point or line whose projection it is desired to find in the 
other view. Then place one point of the dividers on 
the line representing the selected surface in the second 
view, and move the dividers along this line until a line, or 
the projection of a line, is found to’ coincide with the 
other point of the dividers. Examples of this will appear 
later on. 

In order to aid the student in reading a drawing, we have 
selected the compound rest, Fig. 59, and will show in detail 
by what process of reasoning this drawing is read. To aid 
the student in obtaining a correct idea of the location and 
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shape of the various parts, a perspective view of the ‘com- 
pound rest has been given in Fig. 60. 


184. To find the shape of the different parts and also 
to discover, if possible, the relation between them, we must 
commence our investigation somewhere. Let us choose the 
bottom of the front view. Looking at this, it is noticed 
that a partial section is shown, from which, by reason of the 
section lining running in opposite directions, we conclude 
that A and B are separate parts. At the right and left of 
the front view, the full lines c, c show that some part of A 
is higher than the bottom of 4, but we do not know whether 
these lines denote the top surfaces of projecting parts 
between which # is fitted, or if c is the top surface of a 
raised strip of some kind that extends clear through the 
inside of &. In order to settle this question, we note 
whether the top surface is continued somewhere. Looking 
at the front view it is seen that the line ¢ is dotted clear 
through £&, which settles conclusively that the part whose 
top surface is shown by the line ¢ is a raised strip extending 
clear through 4; this fact immediately implies that B has a 
groove of some kind running through it longitudinally in 
order to admit the raised strip. 

Referring now to the sectional view, which, as previously 
stated, is a view taken on the line ad of the front view, and 
everything to the right of this line being removed, we may 
choose the bottom line @’ of the sectional view as a base 
from which to make measurements. From the fact that the 
section is taken on the line a0, we know that the line just 
chosen is the projection of the intersection d of the plane 
represented by a0 with the bottom of A. Measuring from 
@' upwards to the highest line c’ of A in the sectional view, 
and placing one point of the dividers on d in the front view, 
it will be seen that the other point coincides with the dotted 
line forming a continuation of cc; this shows that c’ is the 
projection of c. Ina similar manner, we determine that ¢’ 
is the projection of e, and tracing the outlines of A in the 
sectional view, we notice that the raised strip on A has 
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inclined sides. We also notice that B is cut out to suit the 
profile of A, except that on one side a steel part Z is inter- 
posed between the inclined sides of A and B; it is also seen 
that a screw rests with its point against L. 

Referring now to the front view, and knowing from 
inspection of the sectional view that the upper and lower 
surfaces of the steel part Z are flush with ¢’ and e’, or cande 
in the front view, to determine the length of this part, 
notice if any dotted or full lines showing its length are 
shown anywhere at a right angle toc and e. None being 
found, the conclusion to be drawn is that either the steel 
part Z is as long as A or has the same length as &. A per- 
son without any practical experience might conclude that 
the length is the same as that of A; but any one having 
engineering instinct or practical knowledge would imme- 
diately notice that, as the steel strip has setscrews which 
evidently push it against the inclined side of A, it would be 
unnecessary to make the strip the length of A, and hence 
would immediately conclude that its length is the same as 
that of £. This latter conclusion is the one the draftsman 
desired to convey. 


185. Looking at the sectional view of A again, we 
notice that a groove, open on top, is cut into A. To find its 
length we must find lines corresponding to it in the front 
view. Measuring from.d@’ upwards to the bottom of the 
groove and transferring the measurement to the front view, 
we find that the dotted line gg represents the bottom and 
end of the groove, which at the left is also shown to be 
open at the bottom, since the dotted line g curves around 
and continues to the bottom of A. This is also indicated 
by the dotted lines g’ that form an extension of the sides of 
the groove in the sectional view; measuring from c' down- 
wards to the horizontal dotted line joining the ends of g' g", 
and then passing along c in the front view, the point of the 
dividers will be found to coincide with the point where 
the dotted line g@ meets the bottom of A. From this 


the conclusion is drawn that the dotted horizontal line 
39—16 
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joining g’g' in the sectional view is the bottom edge of 


the opening. 


186. Looking at the front view we notice a left-handed 
screw C that is placed within the slot just investigated. 
Knowing that, in a view in line with its axis, the outline of 
a screw will be a circle, and knowing that this circle will be 
found inside of the slot, the screw is readily found in the 
sectional view. Now, experience teaches us that when a 
screw is shown in place in a machine drawing, there must 
also be somewhere along its axis a threaded hole (or a nut) 
to receive it. Looking at the sectional view we see the out- 
line of something (marked ‘‘ bronze”) that surrounds the 
screw. Now, this part, at first glance, appears to be a con- 
tinuation of the pin & directly above it; there are two 
reasons, however, why this is not the case. In the first 
place, the part £& is sectioned for steel; this immediately 
shows that & and the part under investigation are separate 
parts. Furthermore, when tracing out the shape and posi- 
tions of the objects in the front view, they will be seen 
neither to be in line nor to have any connection with each 
other. To find the part under investigation in the front 
view, we may take, in the sectional view, a measurement 
from the center of the screw downwards to the lowest point 
of the part we are investigating, and then, referring to the 
front view, proceed along the center line of the screw C 
until we strike the dotted line Z. Since the sectional view 
shows only things to the left of the line a0, we know that 
as the part being investigated shows in the sectional view, 
we must look for it to the left of ad in the front view. At 
the ends of the horizontal dotted line % we notice two verti- 
cal dotted lines that show the length of the part under 
investigation; since these lines terminate against the line « 
we know that the part butts against the surface of BZ. 

This latter conclusion is further confirmed by examining, 
in the sectional view, the full outline of the part. Referring 
again to the front view, we seea screw thread indicated in B 
right above the part we are discussing, and in the absence 
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of any indication to the contrary may justly assume that it 
is a threaded shank by means of which the part is attached 
to &. By this time we are probably convinced that the 
part we have been investigating is the nut we are looking 
for, but are not sure of it. To find out, let us try to inves- 
tigate the whole of the screw. In the front view, the dot- 
ted lines z, 2 show that the screw has a bearing and also has 
a collar butting against part of A; beyond the bearing the 
screw shows in full and apparently has a seat for some 
kind of an attachment which must cause the screw to turn, 
since a dowel-pin is shown in the seat. Inspecting the sec- 
tional view we find a screw similar to the one under dis- 
cussion, with a ball handle and retaining nut on the end of 
it. As we find a note ‘‘ wo Handles Machinery Steel, 
Fintsh all over,” and as we cannot find any other place for 
the second handle, we naturally conclude that such a handle 
is to be placed on the end of the screw C. Now, from the 
fact that the screw is confined longitudinally by the collar 
and the ball handle, and that there is no thread on the 
part of the screw between them, we know that the nut 
must be to the right of the collar; since the part previously 
investigated is the only part we can find that directly sur- 
rounds the screw, we will now be justified in assuming that 
it is the nut we are looking for. 

The fact that A and 4 are connected together by a screw 
provided with a handle for turning it will immediately sug- 
gest the idea that it is to be used for moving the part B 
along A, whence we conclude that 4 is a slide moving on A. 
Knowing this, the logical conclusion is that the piece Z is a 
gib used for taking up the wear of the sliding surfaces, which 
view is proved to be correct when it is noticed, by reference 
to the sectional view, that a tightening of the setscrew will 
tend to draw the wearing surfaces together. 


18%. Looking now at the part X, at the left of A, in the 
front view, considering the part by itself, we cannot tell 
whether it is an integral part of A or a separate piece fast- 
ened to it. But as soon as we consider it in connection 
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with the screw C, we see that the latter cannot be placed in 
position unless the part K is removable. From this we 
conclude that the part XK is separate from A. The next 
question that suggests itself is: How is it fastened on? 
The note on the front view and the dotted screw heads in the 
sectional view show that screws with slotted heads are used. 

As far as the shape of K is concerned, the front view 
shows that it is a cone joining some presumably flat part. 
Referring now to the sectional view, we discover by meas- 
uring successively from the center line and center of the 
‘screw C that the dotted horizontal line #’ represents the 
lower surface of K, and the absence of any other dotted 
lines in this part of the sectional view indicates that the pro- 
file of the flat part of K is the same as that of A. 

On examining the sectional view, it is seen that some part 
of D, which from the section lining we know to be separate 
from &, projects downwards from the main body of D and 
is in contact with the upper surface /’ of the part B. 
Referring now to the front view and looking along /, we find 
that the part under discussion is cylindrical; this is inferred 
from the dimension ‘‘ 4” turned.” The main body of D, and 
also the parts G, H, and_/, may now be investigated in a 
manner similar to that in which the relation of A, B, C, 
and & was traced; it will then be found that D isa part 
similar to A. Furthermore, the investigation will show 
that G is a slide; this slide is movable by means of the 
screw 77, which turns in the bearing //. 


188. Referring again to the sectional view, we see that 
Band D are connected together by a pin &, the object of 
which is unknown as yet. Examining this pin we notice 
that a hole is cut through its upper end and that a screw F, 
with a tapered shoulder to the right of its screw thread, 
passes through this hole. On close examination, we see 
that the hole in & is so placed that the tapered part of the 
screw / bears against the upper side of the hole. We 
further notice that the screw / is not used asa fastening 
device to hold any parts of D together; this conclusion is 
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forced upon us by the fact that the sectional view shows D 
to be one piece. Now, we know from experience that a 
screw is used either as a fastening device or to transmit 
motion; as it obviously is not used for the purpose first 
mentioned, we conclude that it probably serves for the 
latter purpose. To make sure of this we trace out what 
will happen if the screw is rotated. We then notice that 
if the screw is screwed inwards, it will raise the part Z; but 
as & cannot move upwards by reason of being confined by 
the collar on it, it shows to us that screwing / inwards will 
force D down on &. The logical inference is that 4 and / 
form 4 clamping device intended to clamp & and P together. 

Examining the pin & again, we do not find anything that 
would definitely tell whether it is round or square. Here 
judgment must be used. An experienced person would 
know upon the first glance that the clamping arrangement 
shown is an expensive one to make and one not likely to be 
adopted when it is only required to fasten two pieces 
rigidly together, in which case & might be either round or 
square. The next inference would be that it is used in 
order to allow D to be rotated around £ and to be clamped 
in any position. This supposition requires the pin Z& to be 
round and is correct in this case. 


189. Referring now to the ball handle /, of which only 
one view is shown, the question of whether it is circular or 
square is immediately settled by experience teaching us that 
a handle having the shape shown is not likely to be any- 
thing else but round, and in the absence of any note or indi- 
cation to the contrary, we would be justified in assuming it 
to be so. 


190. As far as the part G is concerned, the sectional 
view shows it to be cored out in order to pass over the nut 
in which the screw // works. The width and profile of the 
coring must be obtained from the front view, which it will 
be remembered isa view at aright angle to the sectional 
view. ‘The natural assumption to make is that the lines 
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giving the width and profile of the coring will be found 
directly in the vicinity of the screw # in the front view. 
Measuring from the center line of this screw in the sec- 
tional view upwards to the line showing the height of the 
coring, and then transferring this measurement to the front 
view, we find the full circle 7. Now, as the coring is beyond 
the bearing /, we know that its profile would show in dotted 
lines and conclude that the circle z represents some part of 
the bearing /. As this bearing has a conical projection, 
the inference is that the full circle represents the largest 
diameter of the cone, which is the case. Now, the absence 
of a dotted line showing the coring forces us to conclude that 
the dotted line would be directly behind the full circle 7 and 
is thus hidden. ‘This conclusion is further strengthened by 
finding two vertical dotted lines 7, 7 tangent to the circle 2, 
and we finally decide that the groove has straight sides with 
a semicircular top, as given by the dotted lines 7, 7 and the 
upper semicircle of ~. By measuring again in the manner 
previously explained, we decide that the dotted line o isa 
front view of the nut in which 7 works. 

At the right-hand end of the sectional view of G we 
notice a T-shaped opening. Referring to the front view 
we can easily discover, by transferring measurements, that 
the dotted horizontal lines ~, f show the length of the slot, 
which is seen to,extend clear across G. 


191. Referring now to the drawing of the tool post, it 
will be observed that only one view is given. While this 
does not definitely settle that the post is circular in cross- 
section, common practice would justify a person in assu- 
ming, in the absence of any note or any other indication to 
the contrary, that such was the case. This view is strength- 
ened by the fact that some dimensions are marked d, signify- 
ing diameter, which term is rarely applied to any but a 
round object. 


192. The two views of the collar give its shape. Refer- 
ring to the front view, while there is no definite note to that 
effect, it would be inferred from the fact that a thread is 
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shown that the lower part is separate, being, in fact, a 
circular nurled nut threaded to receive the upper part. 


193. While, generally speaking, any one can learn to 
determine the shape of objects from a drawing, there are 
cases that arise in practice where this is very difficult 
without further verbal or written instructions. The cases in 
which this usually happens are where coring has various 
odd-shaped curved surfaces that curve in different directions, 
as occurs, for instance, with the steam ports and other pas- 
sages of steam-engine cylinders and other similar work. 
Practical experience with a certain line of work, and, fre- 
quently, a knowledge of the object of the doubtful part, 
will often enable the reader to form a correct idea of what 
the draftsman is trying to convey; when this experience or 
knowledge is lacking, consult somebody who ts likely to know. 

Furthermore, the shape of an object does not necessarily 
in itself always reveal its purpose. Ability to determine at 
sight what an object is to be used for involves either a 
thorough knowledge of a particular line of work—in which 
case the purpose of objects coming within its range can 
usually be determined at sight—or a very wide general 
knowledge of engineering construction. 


BLUEPRINTING 


194. Blueprinting is the process of duplicating a tracing 
by means of the action of light upon a sensitized paper. 
The following solution is much used for sensitizing the 
paper: Dissolve 2 ounces of citrate of iron and ammonia in 
8 ounces of water; also 11 ounces of red prussiate of potash 
in 8 ounces of water. Keep the solutions separate and in 
dark-colored bottles in a dark place where the light cannot 
reach them. Better results will be obtained if $ an ounce 
of gum arabic is dissolved in each solution. 

When ready to prepare the paper, mix equal portions of 
the two solutions, and be particularly careful not to allow 
any more light to strike the mixture than is absolutely 
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necessary to see by. For this reason it is necessary to have 
a dark room to work m. There must be in this room 
a tray or sink of some kind that will hold water; it should 
be larger than the blueprint and about, 6 inches deep. 
There should also be a flat board large enough to cover the 
tray or sink. If the sink is lined with zinc or galvanized 
iron, so much the better. There must be an arrangement 
like a towel rack to hang the prints on while they are drying. 
For the want of a better name, this arrangement will be 
called a print rack. The paper used for blueprinting should 
be a good, smooth, white paper, and may be purchased of 
any dealer in drawing materials. Cut it into sheets a little 
larger than the tracing, so as to leave an edge around it 
when the tracing is placed upon it. Place eight or ten 
of these sheets upon the flat board before mentioned, taking 
care to spread flatly one above another, so that the edges 
do not overlap. Secure the sheets to the board by driving 
a brad or small wire nail through the two upper corners 
sufficiently far into the board to hold the weight of the 
papers when the board is placed in a vertical position. Lay 
the board on the edges of the sink, so that one edge is 
against the wall and the board is inclined so as to make an 
angle of about 60° with the horizontal. Darken the room 
as much as possible and obtain what light may be necessary 
from a lamp or gas jet, which should be turned down very 
low. With a wide camel’s-hair brush or a fine sponge, 
spread the solution just prepared over the top sheet of paper. 
Be sure to cover every spot and do not get too much on 
the paper. Distribute it as evenly as possible over the 
paper, in much the same manner that the finishing coat of 
varnish would be put on by a painter. Remove the sheet 
-by pulling on the lower edge, tearing it from the nail that 
holds it, and place it in a drawer where it can lie flat and be 
kept from thelight. Treat the next sheet and each succeed- 
ing sheet in exactly the same manner, until the required 
number of sheets has been prepared. 

Unless a large number of prints is constantly used, it is 
cheaper to buy the paper already prepared. It can be bought 
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in rolls of 10 yards or more, of any width, or in sheets 
already cut and ready for use. There is very little, if any- 
thing, saved in preparing the paper, and better results are 
usually obtained from the commercial sensitized paper, since 
the manufacturers have machines for applying the solution 
and are able to distribute it very evenly. 


195. In Figs. 61 and 62 are shown two views of a print- 
ing frame that is well adapted to sheets not over 17” « 21”, 
The frame is placed face downwards and the back A is 


\/ ‘zZ 


Fic. 61 


removed by unhooking the brass spring clips 5, 4, and lifting 
it out. The tracing is laid upon the glass C, with the zzked 
side touching the glass. A sheet of the prepared paper, per- 
fectly dry, is laid upon the tracing with the yellow (sensitized) 
side downwards. The paper and tracing are smoothed 
out so as to lie perfectly flat upon the glass, the cover A is 
replaced, and the brass spring clips 2, 4 are sprung under 
the plates D, so that the back cannot fall out. While all 
this is being done, the paper should be kept from the light 
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as much as possible. The frame is now placed where the 
sun can shine upon it and is adjusted, as shown in Fig. 62, so 
that the sun’s rays will fall upon it as nearly at right angles as 
possible. According to the conditions of the sky—whether 
clear or cloudy—and the time of the year, the print must 
be exposed from 8 to 15 minutes. The tray, or sink, already 
mentioned, should be filled to a depth of about 2” with 
clear water (rain water if possible). The print having been 
exposed the proper length of time, the frame is carried into 


FIG. 62 


a dark part of the room, the cover removed, and the print 
(prepared paper) taken out. Now place it on the water 
with the yellow side down and be sure that the water 
touches every part of it. Let it soak while putting the next 
print in the frame. Be sure that the hands are dry before 
touching the next print. The first print having soaked a 
short time (about 10 minutes) take hold of two of its 
opposite corners and lift it slowly out of the water. Dip it 
back again and pull out as before. Repeat this a number of 
times, until the paper appears to get no bluer; then hang it 
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by two of its corners to dry on the print rack previously 
mentioned. If there are any dark-purple or bronze-colored 
spots on the prints, it indicates that the prints were not 
washed thoroughly on those spots. If these spots are well 
washed before the print is dried, they will disappear. 


196. It is best to judge the proper time of exposure 
to the light by the color of the strip of print projecting 
beyond the edge of the tracing. To obtain the exact shade 
of the projecting edge, take a strip of paper about 12” or 
14” long and 3” or 4" wide. Divide it into, say, 12 equal 
parts by lead-pencil marks, and with the lead pencil number 
each part 1, 2, 3, etc. Sensitize this side of the paper and, 
after it has been properly dried, place it in the print frame 
with the sensitized side and the marks and figures against 
the glass. Expose the whole strip to the light for 1 minute; 
then cover the part of the strip marked 1 with a thin board 
or anything that will prevent the light from striking the 
part covered. At the end of the second minute, cover 
parts 2 and1; at the end of the third minute, parts 3, 2, 
and 1, etc. When 12 minutes are up, part 1 will have been 
exposed 1 minute; part 2, 2 minutes, etc., part 12 having 
been exposed 12 minutes. Remove the frame toa dark part 
of the room and tear the strip so as to divide it into two 
strips of the same length and about half the original width. 
Wash one of the strips as before described, and when it has 
dried, select a good rich shade of blue, neither too light nor 
too dark; notice the number of the part chosen, and it will 
indicate the length of time that the print was exposed. 
Examine carefully the corresponding part of the other strip, 
and the correct color of the edge of the print projecting 
beyond the tracing is determined. All prints should be 
exposed until this color is reached, no matter how long or 
how short the time may be; then they should be immediately 
taken out and washed. 


19%. In Fig. 63 is shown a patented frame which can be 
shoved out of the window and adjusted to any angle. When 
not in use, it can be folded up against the wall and occupies 
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but little space. It is made in different sizes from 16” x 24" 
to 48” x 72". It is one of the best frames in the market, 


(S) 


CTT 
CATT 


ions ae 


FIG. 63 
and is placed in such a position relatively to the window 
that the window can be lowered to the top of the main arm, 
when it is desired to keep out the cold during the winter. 
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USEFUL TABLES 


198. Forms of Bolt Heads, Nuts, and Screw Heads. 
The information required for the construction of the stand- 
ard forms of bolt heads, nuts, and the principal screw 
heads is given in Fig. 64. The several dimensions are indi- 
cated by capital letters in the diagrams and the relations 
between these dimensions are stated either below each sep- 
arate diagram or below each series of diagrams. It is seen 
that these dimensions are all based on the diameters of the 
bolts or screws. 


199. In order to avoid the calculations required to 
use these diagrams, the standard dimensions of bolt heads, 
nuts, and screw heads have been given in Table I, for the 
sizes mostly in use. Dimensions, corresponding with those 
indicated by capital letters in the diagrams, are found in 
the table in columns headed by similar letters. For instance: 
It is required to find the height of a hexagon head for a 
bolt 1” in diameter. In the diagram of a hexagon head 
the letter / represents its height. To find its numerical 
value from the table, descend along the column A until the 
diameter 1 is found. Then pass in a horizontal direction to 
the column /, where the value 43 is found, which is the 


’ 


dimension required. 


200. Small, standard, machine or wood screws are indi- 
cated by gauge numbers instead of by diameters. Table II 
gives the gauge numbers and the corresponding diameters 
of the sizes mostly used. To draw ascrew of acertain gauge, 
find its diameter in the table, and lay out the head according 
to the instructions given with the diagrams in Fig. 64. 


201. Diameters of Small Holes.—The sizes of small 
holes are generally indicated by the gauge number of the 
drills used in drilling them instead of by their diameters. 
Table III gives the gauge numbers and corresponding diam- 
eters of the Morse twist drills. The table will also serve to 
indicate the gauge numbers of ordinary steel wire. 
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202. Pipe Threads.—The pitches and depths of the 
screw threads on pipes cannot be made according to the rules 
applying to ordinary screw threads, asin that case the depth 
of the thread would be greater than the thickness of the pipe. 

Table IV gives the standard dimensions of pipe threads. 
By means of the data given under the head of Total 
Length’ of Thread and Length of Perfect Thread, it is 
possible to determine the length of the part containing 
imperfect threads. It should be noted that the number of 
the latter is a constant for all diameters; that is, according 
to the standard adopted, there should always be six imper- 
fect threads, two of which are imperfect only at top, and four 
both at top and bottom. The number of perfect threads 
will vary according to the diameter of the pipe or nipple. 


203. Decimal Equivalents of Parts of 1 Inch. 
Table V is intended to aid the student in finding the 
nearest 64th inch corresponding in value to a dimension 
given in thousandths of an inch. 

The decimal fractions are printed in two sizes of type; the 
one in large type giving the exact value of the corresponding 
fractional part of an inch tothe fourth decimal place. A 
given decimal fraction of an inch is rarely exactly equal to 
any of these values, but is either above or below it, and the 
question is then to decide to which of two values it is the 
nearest, whether to the preceding or succeeding one. For 
instance it is desired to lay off the fraction .1330” in 64ths of 
an inch. The nearest decimal fractions are .1250 and .1406, 
and the question is which of these to choose. By means of 
the decimal fractions, printed in smaller type, this question 
may be answered at once, as the value of any one of these is 
the mean of the two adjacent fractions printed in larger 
type. If therefore any of the given decimal fractions is 
above the mean in value it belongs to the succeeding decimal 
fraction, if de/ow to the preceding one. In this instance the 
mean fraction is .1328, and as .1330 is greater than this, 
.1406” or 7;’’ will be chosen. In the same manner the 
nearest 64th inch corresponding to the decimal fractions 
.8670" and .8979" are found to be 2?” and $}", respectively. 
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TABLE II 
STANDARD MACHINE AND WOOD SCREWS 
eae inieeter Threads eoewee ara Diameter 
No. Inches Inch eee ee Flat Head 
000 50305 
fore) .0447 
° .0578 
I .O710 
2 .0842 64 .1544 eR -1631 
B .0973 48 .1786 -1545 .1894 
4 .1105 36 .2028 slyly .2158 
5 5L236 32 BOYS .1985 e2Aon 
6 .1368 32 .2510 2175 .2084 
7 - 1500 32 -2754 -2392 -2947 
8 ORT 22 .2936 .2610 .3210 
9 117103 32 . 3238 . 2805 -3474 
fe) | 1894 32 - 3480 - 3935 Owed 
II .2020 24 
12 22150 24 3022 - 3445 .4263 
13 .2289 22 
14 e420 20 -4304 » 3885 .4790 
15 f25 52 20 
16 . 2084 18 .4866 -4300 .5 316 
07 .2816 18 
, 18 .2047 18 .5248 .4710 5842 
19 .3079 18 
20 a3 210 16 .5690 .5200 .6308 
21 - 3342 
22 .3474 16 .6106 25557 .6894 
4 23 - 3605 
24 ou 16 .6522 .6005 .7420 
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TABLE III 
MORSE TWIST-DRILL AND STEEL-WIRE GAUGE 


Gauge | Diameter Gauge | Diameter Gauge | Diameter 

No. Inch No. Inch No. Inch 
I . 2280 33 5 itarsXe) 65 .0350 
2 .2210 34 ADLLO 66 . 0330 
3 . 2130 35 . 1100 67 .0320 
4 . 2090 36 .1065 68 .0310 
5 e2085 29 . 1040 69 .02925 
6 . 2040 38 - 1015 70 .0280 
7 .2010 39 .0995 71 .0260 
8 -1990 40 .0980 fs .0250 
9 .1960 41 .0960 73 .O240 
10 21935 42 .0935 74 10225 
II . 1910 43 .0890 75 .O210 
12 . 1890 44 .0860 76 .0200 
13 ,1850 45 .0820 TG .O1GO 
14 .1820 406 .O810 78 0160 
15 . 1800 47 .0785 79 .O145 
16 .1770 48 .0760 80 .0135 
t7 - 1730 49 +0730 

18 . 1695 50 .0700 

19 . 1660 51 .0670 

20 .1610 52 .0635 

eas ~ 1590 53 20395 \ 

22 apy Ae) 54 .0550 

23 .1540 55 .0520 

24 .1520 56 .0465 

25 -1495 57 .0430 

26 .1470 58 .0420 

27 .1440 59 .O410 

28 .1405 60 .0400 

29 . 1360 61 .0390 

30 .1285 62 .0380 

31 .1200 63 .0370 

32 . 1160 64 .0360 
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TABLE V 
DECIMAL EQUIVALENTS OF PARTS OF 1 INCH 
seen Decimal oe Decimal pie Decimal ee Decimal 
.0078 ASS .5078 -7578 
ay .0156 4} . 2656 43 .5156 || £2 . 7056 
+0235 -2735 -5235 -7735 
ge | -9313 |i se | .2813 || $$] .5313 || $8] .7813 
.0391 . 2891 - 5391 . 7891 
te | -0469 | tt] +2960 || $$] -5460 || $4] .7969 
0547 . 3047 5547 - 8047 
16 0025 vs | +3125 16 -5625 || +¢ 8125 
.0703 . 3203 -5703 . 8203 
ar .0781 at 228% ai 5781 || 82 .8281 
.0860 - 3360 . 5860 . 8360 
se | -0938 || $3] -3438 | 33] -5938 | $3] .8438 
. 1016 .3516 . 6016 .8516 
tz | -1094 || $$ | .3594 || #2) .60094 || $8 | . 8594 
any . 3672 .6172 . 8672 
4 =I 2RO 3 3750 £ .6250 a .8750 
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$t | -1719 ai | 4219 43 6719 ii, 42 .9219 
-1797 4297 6797 -9297 
3 
D6 fo RESTS aie hk 84375 ll 4g |) 20875. Weel eg a's 
1953 4453 -6953 9453 
46 
ee | 2031 | $2 | 4531 || $6 | .703t |] 44] .9532 
.2110 .4010 7 DLO . 9610 
35 . 2188 43 4688 $3 -7188 3h .9688 
. 2266 -4766 . 7266 .9766 
ee | +2344 |] 84] .4844 || 42] .7344 || $8] .9844 
.2422 .4922 . 7422 9922 
4 . 2500 4 . 5000 3 . 7500 I. || .1=0000 
.2578 .5078 -7578 1.0078 


SKETCHING 


INTRODUCTION 


1. In practice, the draftsman is required in most cases 
to draw from rough freehand sketches, made by himself or 
by some one else, either from an actual object or an imagi- 
nary one. For instance, suppose that a machine is in 
operation somewhere, of which the drawings never existed 
or were lost. For the purpose, say, of rebuilding or regu- 
larly manufacturing this machine, a set of working draw- 
ings is required. Suppose, as is most generally the case, 
that the machine is so located that it is not readily acces- 
sible to the draftsman at all times, so that he cannot take 
measurements while making the drawing, even if this were 
commendable. In such cases he must make sketches, 
that is, rough mechanical drawings freehand, from which 
later on he executes the regular drawings. 

Again, suppose a certain change or modification is to be 
made in a machine, machine part, or mechanism, or a new 
one is to be made, and a working drawing is required. 
The idea is then made clear to the draftsman by means of 
sketches more or less complete, from which the regular 
drawings are subsequently elaborated. 


2. A sketch must have all the essentials of a working 
drawing except that it is not made to scale, although the 
relative proportions of the object represented are main- 
tained as near as this is possible by mere eyesight. As ina 
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mechanical drawing, the sketch must clearly contain all the 
dimensions and explanatory notes necessary to enable the 
object to be made from it. To all intents and purposes, 
then, a working sketch could be immediately used as a 
working drawing, and is sometimes so used in cases of 
emergency. A regular working drawing is, however, gen- 
erally more elaborate; not only is it drawn to scale, but 
generally a smaller number of views of the object are 
shown than are required ina sketch. In both, one endeavors 
to get along with as few views as are necessary to clearly 
represent the object, although in a sketch a multiplicity of 
lines is avoided by additional views and sections, which can 
be quickly drawn; also, various notes, short cuts, and con- 
ventional marks may be used more freely on a sketch than 
would be tolerated on a regular drawing. 


3. Method of Procedure.—In sketching an object, it 
is first fully represented in as many views as are necessary 
to bring out all the details; the measurements are taken 
afterwards and written in. This is by far the best plan, as 
much time may be wasted by trying to take measurements 
and write dimensions as onesketches. Furthermore, by first 
fully completing the sketch a better. general knowledge of 
the object is gained, which will help in distinguishing 
between dimensions that are essential and those that are 
not. Of this more will be said later. 
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SKETCHING MACHINE DETAILS 


GENERAL REMARKS ON SKETCHING 


4. Materials for Sketching.—All that is needed for 
making a sketch are a lead pencil, paper, and a soft rubber. 
It is convenient to have the rubber attached to the end of 
the pencil. Various rubber-tipped pencils are in the market 
and are readily obtainable from stationers. The paper 
is best used in letter size, 8” x 10’’ done up in pads, from 
which the single sheets can be detached one by.one. The 
paper should be heavy, so that it will stand considerable 
abuse; Manila paper is very good for the purpose. Cross- 
section paper is well adapted to sketching; the little squares 
are a great aid in enabling the piece to be sketched 
in proper proportion and assist materially in producing 
rapidity. The kind that is divided into 4” squares is to be 
preferred. The student, however, is advised not to use it 
until he has become proficient in making sketches on plain 
paper, since in actual practice he will frequently be obliged 
to make sketches on plain paper, and he will find it very 
difficult to do this if he has learned to depend on cross- 
section paper. The student should not use it in the work 
done in connection with this paper. It must be kept in 
mind that the sketch is not a correct drawing to scale, and 
the student should be guided by the eye entirely, except 
when making various views of the same object correspond, 
of which more will be said presently. 


5. Sketch of a Single Object Requiring But One 
View.—As previously stated, one should get along with 
as few views as possible; in some cases a single view will 
be sufficient for the sketch, while perhaps two might be 
called for in the working drawing made from it. Thus, 
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the object illustrated in Fig. 1 can be fully represented by 
a side view, as shown in the sketch, Fig. 2; nor would the 


Fic. 1 


working drawing subsequently made from it 
require any more, since the view cannot be 
mistaken for anything else than a stud bolt 
with a hexagonal head. If the bolt had a 
square head, only one side would be shown; 
the fact that two sides are shown in the sketch 
indicates that the head is hexagonal. 


6. Fig. 3 illustrates an object—a bushing 
—that might be sketched in a single view, but 


would probably in a working drawing be represented by 


FIG. 2 


both a section and an end view, to show that the two rect- 
angles represent cylinders and that there are only two 
holes in the flange. In the 


sketch, Fig. 4, the end view 
may be dispensed with and 
a note substituted giving 
the information about the 
holes. That the body is cyl- 
indrical may be_ indicated 
conveniently by adding to 
some of the measurements 
the letter D, meaning diam- 
eter. While such a _ view 
is sufficient, an end view 


Fic. 8 


alone would clearly not be, as it would not disclose 
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the length of the two cylinders, and would, even with 
the necessary information to that effect, be wholly inade- 
quate to form at once a mental picture of the shape 


as ee ae 
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of the body. It is thus seen that judgment must be 
used as to what view to sketch. Rather than leave any 
doubts, two views should be made. 


%. Sketch of a Single Object Requiring Two 
Views.—Fig. 5 is an illustration of an object—a gripper 
from a printing press— 
that requires two views: 
a front view giving the 
peculiar outline of the 
piece, and an end view, 
or a bottom view, to 
show the width. See 
Fig. 6. While either the 
front view and the end 
view, or the front view 
and the bottom view, would suffice, an end view and 
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bottom view would not. 
is at once evident that this view 


dotted lines, and it 


The bottom view is shown in 


FIG. 6 


Fees 


wes i 


en 


fp a ee 


and the end view would not show the shape of the object 


in this instance. 


8. Sketch of a Single Object Requiring Three 
Views.—An object is represented in Fig. 7 that is simple in 


Fic, 7 


semicircles. 


appearance. However, 
it is necessary to show 
three views in order 
that the drawing may 
clearly bring out its 
shape. The front view, 
BigsS) us) § thestnrain. 
view; the side view 
and plan give the 
depth of the uprights 
and base, and they also 
show, respectively, that 
the uprights and ends of 
the base terminate in 


These are features the front view does not show. 
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9. Sketch of a Single Object Requiring a Section. 
Three outside views will, as a general rule, be sufficient to 


wae 


Soret 
f 
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clearly bring out the details of any object, even if the object 
is hollow and outlines are 
thus hidden from sight. 
In many cases, as, for 
instance, in the case of 
the bushing shown in 
Figs. 38 and 4, dotted 
lines may be employed 
to point out such hidden 
features. Often, how- 
ever, many dotted lines 
become confusing, and 
it is then much better to 
make a section, that is, 
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to imagine the object cut along a certain plane and one of 
the parts removed, a sketch being made of the remaining 
part. Fig. 9 isan example of such an object—a safety collar. 
A side view and 
front view, Fig. 10, 
give all the outside 
features. To show 
everything of the 
inside in a single 
section, a so-called 
conventional  sec- 
tion has been taken 
along the broken 
line a bc of the front 
view. This enables 
the draftsman to 
show both the hemi- 
spherical cavities— 
in one of which the 
* setscrew is. placed 
with its head below 
the outside circum- 
ference, soit cannot 
catch on the cloth- 
ing—and the holes 
with rectangular 
cross-sections cored 
in the casting to 
secure lightness. 
The section further 
shows the offset in 
the middle of the 
shaft hole, leaving 
only a compara- 
tively small surface at each side to be finished and fitted to 
the shaft. It also shows that the end surfaces are not 
planes but concave surfaces. A section along a line cd, 
equivalent to the dotted lines in the front view, would not 
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show these latter features 
clearly and would therefore 
not be sufficient. 


10. Sketch of Two or 
More Objects Fitted To- 
gether.— When a combi- 
nation of parts is to be 
aivetene da. such agora 
entire mechanism, it is 
advantageous in several 
respects to sketch them as 
a whole first. The follow- 
iInguis “gained thereby: va 
clear idea is acquired of 
how the various parts fit 
and work together; many 
dimensions will have to be 
taken but once. After hav- 
ing gained all the informa- 
tion possible without taking 
the mechanism apart, each 
piece is removed one by 
one, sketching while doing 
so any additional features 
that may present them- 
selves, which may _ even 
call for additional figures. 
Fig. 11, which shows one of 
a pair of connecting-rods 
from a printing press, is an 
illustration. Thetwo parts 
fitted together are the rod 
proper, having two eyes, 
one of which is provided 
with an eccentric bushing 
having a bracket of peculiar 
shape. In taking the view 
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of the combination as a whole, the bushing was observed 
to have a larger outside diameter in the front than-in the 
back. To find out how far into the eye the larger part 
extended, the bushing had to be slipped out, when it was 
seen that the larger diameter was due simply to a slender 
shoulder following the rounding of the edge of the eye of 
the rod proper, and a little sketch (a), Fig. 12, was jotted 
down to emphasize this. Otherwise, the two parts sketched 
together give all the information necessary to draw them 
separately on the working drawing. The mate of the rod 
sketched is exactly the same with the exception that the 
3" pin is symmetrically opposite on the other side of the 
center line, and the bracket (Z) of the bushing is reversed, 
as seen on the bushing, shown detached. In a case like 
this it is sufficient to mark on the sketch ‘‘one right, one 
left,” the sketch thus covering four pieces at once., The 
abbreviation f. a. 0. found on this sketch means ‘finished 
all over.” 


11. Fragmentary Views: Symmetrical Objects. 
Many objects present a repetition of parts, in which case, 
it is sufficient to sketch only parts of such objects. This 
is particularly the case in objects that are symmetrical 
with reference to certain lines so that the sketch will 
also be symmetrical to such lines, which are called axes of 
symmetry. An axis of symmetry is any line so drawn, 
that if the part of the figure on one side of the line be 
folded on this line, it will coincide exactly with the other 
part, point for point and line for line. The use of frag- 
mentary sketches must not, however, be carried too far, 
using the expedient only when it is of real help—when it 
saves time and it does not make the sketch clearer, to 
draw the view in full. Thus, it would not help much to 
show only half of the bolt (Fig. 1), the bushing (Fig. 3), 
the gripper (Fig. 5), the bracket (Fig. 7), or the collar 
(Fig. 9), as these pieces, though they are symmetrical 
to a certain center line, are as easily sketched in full. 
Cases in which fragmentary sketches may be made are 
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symmetrical machine frames, as shown in Fig. 13 and 
sketched in Fig. 14, or pulleys and other wheels, as shown in 
Fig. 15 and sketched 
in Fig. 16. 


12. Center Lines 
and Proportions. — 
In starting a sketch, 
decide on a view that 
seems to disclose most 
of the features of the 
object. Select one of 
the most striking dimensions,—as, for instance, the total 
length or total height of the piece to be sketched, —and mark 
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down a distance on the paper that represents the dimension. 
Then, until the sketch is completed, this forms the basis 
to proportion the other dimensions, by comparing them 
mentally with it. If the 
object is symmetrical to 
certain axes, draw these 
axes first. Thus, in round 
pieces like those shown in 
Figs. 1 and 3, draw the cen- 
ter line. Although meas- 
urements are not taken 
from these imaginary lines, 
they are of great help in 
guiding the eye while 
making the sketch. This 
is especially true in the 
case of circles. When more 
than one view is sketched 
of an object, the center lines at once serve to bring various 
views in proper relation to one another. Thus, in sketching 
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FIG. 16 


the object, Figs. 7 and 8, the front view is drawn first, 
starting with the center line, dividing the figure vertically 
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into symmetrical halves. Next draw the base line, and 
then the center lines of the bolt holes in the base at equal 
distances right and left of the main center line; draw the 
center line of the shaft holes in uprights parallel to and at 
the proper distance (judging by the eye only, of course) 
from the base line, and around this skeleton of center lines, 
draw the outlines of the object. When the front view is 
finished, start the plan. To do this, prolong the main 
center line, also the center lines of the holes in the 
base. Draw a horizontal axis of symmetry parallel to the 
base and the axis of the shaft, thus obtaining a skeleton 
of center lines for the plan around which to draw it. Pro- 
ceed similarly with the side view, carrying over the center 
line of shaft holes and drawing a new axis of symmetry 
parallel to the main center line of the first view. 


13. Projection Lines.—In sketching various views of 
an object, use will be made of the principles of geometrical 
drawing, and projection lines will be drawn from one view 
to the other. Such lines should be traced on the sketch 
very faintly, and many of them only mentally, as they will 
make the sketch confused if used too freely or made too 
heavy. 


14. Shade Lines.—It is not customary, as a rule, to 
employ shade lines on a working drawing. They are, how- 
ever, recommended on sketches, as they tend to make the 
sketch clearer, without entailing much expenditure of time, 
and no artifice should be spared that will effect this, espe- 
cially as a sketch may be laid aside a long time before the 
finished drawing is made. 


15. Sections and Cutting Plane Lines. — Sections 
must be placed in the sketch in proper position toward the 
lines of section along which they are taken. The proper 
position alone will indicate in most cases along which line 
the section is taken, but in so-called conventional sections 
it is necessary to make the cutting plane line very plain 


and to note near the sectional view the line of section, as 
39—18 
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done, for instance, in Fig. 10. There are two sections in 
Fig. 12; one is taken on the center line passing through the 
center of both the eccentric hole of the bushing and the 
Cetiter ot the.eye vor the rod; the other section is really a 
conventional section, the section of the eye being taken on 
the center line passing through the center of the eye, and 
the section of the bushing being taken on the center line 
passing through its own center. There is no need of men- 
tioning this on the sketch, however, as no one will suppose 
that a measurement is taken of the dimension of the eye 
along the line passing through the center of the eccentric 
bushing. 


16. Cross-Sectioning Material.—No distinction is 
made on a sketch between materials by means of cross- 
section lines—the name of the material should be written 
on the sketch. 


1%. Finish Marks.—Finish marks should be placed in 
the sketch wherever lines represent finished surfaces, except 
in those cases where it is evident from the nature of the 
pieces that the surfaces must be finished, such as surfaces 
fitted together. The principle to be followed in making a 
sketch is in general: Give all the data necessary, but avoid 
unnecessary marks and lines. 


MEASUREMENTS 


MEASURING INSTRUMENTS 


18. The instruments to be used in measuring the dimen- 
sions of an object for the purpose of making a sketch and 
subsequently a working drawing depend to a certain extent 
on the accuracy required. ‘To explain more fully, suppose 
one of the eccentric bushings on the connecting-rod for a 
printing press, Fig. 11, to be so worn as to need replacing, 
but that the press is to be kept running while a new piece is 
being made. A very accurate measuring of the dimensions 
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is then necessary, as the piece must fit exactly. On the 
other hand, suppose a whole machine is to be rebuilt from 
an existing pattern, and that for this purpose drawings are 
to be made which henceforth shall be considered standard. 
The dimensions need not necessarily be as accurate as in 
the first case, as the various pieces of the new machine will 
be fitted together when assembling. In the former case, it 
may be necessary to employ much more delicate instru- 
ments than in the latter case, so that in general it may be 
said that a draftsman may in the long run make good use 
of any measuring instrument to be found in the market. 
For ordinary cases, however, the tools here enumerated and 
described will be found amply sufficient. 


19. The Two-Foot Rule.— The best-known tool for 
measuring linear dimensions is the two-foot rule, which is 


(a) 


Zhe 


(b) 
FIG. 17 


usually made up of four leaves, hinged together, to allow it 
to be folded for convenience in carrying, as shown in 
Fig. 17. The rule is usually made of boxwood, with brass 
joints and edges. It is divided into inches and fractions 
of an inch. Divisions smaller,. however, than ;;" are 
rarely marked on them, so that the smallest fraction that 
can be directly measured is ;,"’, but with a little practice it 
is possible to locate the middle and quarter points between 
the sixteenth-inch marks with a fair degree of accuracy, 
thus making it possible to measure distances as small as 
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gis’ and g;’. The two-foot rule is well adapted to com- 
paratively rough work, where accuracy of measurement is 
not particularly essential. 


20. The Standard Steel Rule.—For more accurate 
measurements, steel rules are used. These rules are always 
graduated on both edges of each side, and a large choice of 
different kinds of graduations is offered by the makers. 
For use in sketching, two kinds of rules, both 12 inches 
long, will be found very essential. One has divisions of the 
inch into 8 parts on one edge of the one side, into 16 parts 
on the other edge of the same side, and into 32 and 64 parts 
on the two edges, respectively, of the other side. The 
other rule has divisions of the inch into 10, 20, 50, and 
100 parts on the four edges, respectively. 


21. Steel Tapes.—In measuring distances greater than 
a few feet, steel tapes are very convenient. They are 
made in lengths varying from 2 feet to 100 feet for shop 
use. The graduations are not very fine; hence, tapes are 
only suitable for approximate measurements. For a special 
use of a pocket steel tape, see Art. 33. 


22. The Straightedge.—lIt is very convenient to have 
a straightedge among the tools, although any straight piece 
of metal or wood, the blade of a square (see Fig. 18), may 
be used instead in an emergency. 


23. The Square.—An instrument that comes into fre- 
quent use is the square. It is best to have one with an 
adjustable blade, called an adjustable square, and shown in 
Fig. 18. The blade @ is held in the stock 4 by means of a 
hook clamp that enters the groove ¢ in the blade, and is 
tightened by means of the nut @. The stock can be set at 
any point throughout the length of the blade, and also, of 
course, flush with the end of it, and thus serves also as a 
solid square. A special bevel blade e¢ for testing angles 
of 45° and 30° is generally furnished with this square. 
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The stock is also usually provided with a level at fthat may 
be used in testing either a vertical or a horizontal surface. 


It should be borne in mind that a square is perfect only 
when the blade and stock are exactly at right angles to each 
other, and that a fall or any careless use is liable to destroy 


its accuracy. 


24. Calipers.—Calipers are of almost endless shapes and 
sizes. They are used to measure either the diameters or 


lengths, from a small 
fraction of an inch 
toseveral feet: The 
simplest forms of cali- 
pers are shown in 
Rigeio) Big, 19: (2) 
illustrates outside 
calipers, used for ta- 
king outside meas- 
urements of shafts, 
wheels, and similar 
articles,and Fig.19(d) 
shows a companion 
tool, the zuside calt- 


Oh 
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pers, which, as the name implies, is used to measure the 


* 
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diameter of holes, or the distance between two objects. 
Another class of calipers is provided with an adjusting 
screw, as shown 
in Fig. 20 (a) and 
(5). Calipers are 
Ofte De US caato 
measure the out- 
side diameter of 
screws, and when 
so used are made 
as in Fig. 20 (a), 
except that the 
contact surfaces @ 
-and 6 are made 
wide enough to 
reach across two 
or more threads. 
Simalareic.a dic 
pers are used to 
measure the bottom of screw threads, in which case 
the points are beveled and thin, like a knife blade. 


FIG. 20 


25. The Plumb-Bob.—The plumb- 
bob is often very convenient to have 
among the tools used 
in sketching, although any 
small piece of metal, as a 
nut, a penknife, or other 
small, heavy object tied to a 
thread does equally well in 
most instances, since it does 
not often happen in sketching 
that a plumb-line must be 
established over a certain 
point; in this latter case, a 
regular plumb-bob having a 
sharp point would be re- 
Fic. 21 quired, as shown in Fig. 21. 
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26. Surface Gauge.—A surface f@auge consists of a 
flat base to which is attached a vertical standard that 
carries an adjustable scriber. Fig. 22 shows a simple form 
of this instrument. Its use in sketching, as well as that 
of the other tools described, will be more fully treated in 
the following pages. 


TAKING MEASUREMENTS 


2%. Writing Measurements on the Sketch.—After 
the sketch itself is completed,—or when in a combination 
of objects fitted together, as a whole machine, the sketch 
has been completed as far as that is possible without taking 
the combination apart,—the taking of measurements is 
begun. Lach measurement must be put down on the sketch 
as soon as tt has been taken. The student should never take 
several measurements one after another with the intention 
of writing them down onthe sketch together. He is certain 
to make mistakes, causing himself and others considerable 
annoyance in using the sketch afterwards. 

The ascertaining of dimensions of an object by measur- 
ing often calls for considerable ingenuity, and sometimes 
methods of the draftsman’s own devising will be resorted to 
that are not found described in the following pages, which 
contain, however, those in most frequent use. 


28. Distance Between Two Points on a Plane Sur- 
face.—This is the simplest measurement; it is taken by 
means of the rule, and needs no explanation. Most fre- 
quently the points between which the dimension is wanted 
are located on the edge of a flat surface, that is, in the cor- 
ner of two flat surfaces meeting as, for instance, in Fig. 14, 
the top and bottom measurements (6}” and 24”) of the stand. 


29, Length of Cylindrical Surfaces.—A measurement 
equally simple is to find the length of cylindrical surfaces by 
means of the rule, as, for instance, the lengths (1$” and ;3,"’) 
of the two cylinders in Fig. 4, or the length of the shank of 


the tap bolt (13?”) of Fig. 2. 
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30. Round and Otherwise Undefined Corners: Dis- 
tance Between Parallel Planes.—Often one of the points, 
or even both, the distance 
between which is to be as- 
certained, is imaginary, as, 
for instance, when there are 
round corners. In such cases 
the adjoining surface must 
be prolonged so that a sharp 
corner is established. For 
instance, the length (144”) 
of the safety collar, Fig. 10, 
could not be measured di- 
rectly with the rule, but the 
collar had to be placed be- 
tween two flat surfaces, and 
the distance between the 
latter measured. This was 
most conveniently done by laying the collar on a plane sur- 
face and using the adjustable square, as shown in Fig. 23. 

In the same manner, the square must be used to get the 
over-all dimension (143”) of the bushing, shown in Fig. 4. 
See Fig. 24. As will readily be ob- 
served, this method is really equiva- 
lent to taking the shortest, that is, 
perpendicular, distance between two 
parallel planes. 


TTT TTT 


FIG. 23 


31. Thickness.—It is not always 
convenient or possible to measure 
distances between parallel planes, 
real or imaginary, by means of the 
plane surface and adjustable square, 
as shown in Figs. 23 and 24. In 
such cases, the outside calipers are 
used; thus, while the distance across FIG. 24 
flats of the hexagonal head of the bolt, Fig. 1, may be 
measured with the plane and square, it is more convenient 


815 SKETCHING 21 


to use the calipers, while the thicknesses (2) of the webs in 
the cast-iron stand, Figs. 13 and 14, must be measured 
with the outside calipers, if the measurement is to be 
accurate, the corners being round. Such dimensions are 
called thicknesses. 


32. Distances Between Curved Surfaces: Outside 
Diameters.—The outside calipers are also used to ascertain 
. dimensions of curved sur- 
faces. Thus, the dimen- 
sion (1,3,") between the 
top of the piece,-Fir. 6, 
and the bottom is meas- 
ured with the outside 
calipers. Logically, all 
outside diameters are 
measured with the same 
instrument. The _ pro- 
cedure is as_ follows: 
Open the calipers approx- 
imately wide enough to 
let the body to be meas- 
ured pass freely between 
the points. Then, by gently tapping the calipers against 
some convenient object, a frame near by, for instance, 


i ; TU ize 
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FIG. 25 


Fic. 26 


gradually close (or open) the legs until the points just touch 
the body measured. See Fig. 25. There should be no play, 
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nor should the points pinch too hard. It requires a little 
practice to get the proper touch by tapping the calipers. 
The process is easier with spring calipers, having screw 
adjustment, shown in Fig. 20. 

After the calipers are properly adjusted, the distance 
between the points is measured with the steel rule in the 
manner shown in Fig. 26. 


33. It often happens that very large diameters are to be 
measured, for which the calipers available are too small, as 
in the case of pulleys, wheels, and similar objects. Often 
in such cases one can measure near enough across the side 
of such objects, as a pulley, for instance, with a long rule or 
a stick, but equally as often this cannot be done on account 
of other parts being in the way; for instance, when a pulley 
is keyed to a shaft, perhaps near to a hanger besides. In 
most cases the steel tape furnishes excellent means for get- 
ting at the diameter, by measuring the circumference of the 
wheel or pulley and dividing the same by 3.1416. Thus, if 
the circumference as measured with the tape is 7 ft. +1,’", the 
diameter is 7 ft. #," + 3.1416 = 7.0052 ft. + 3.1416 = 24 ft., 
very nearly = 2 ft. 3% 


34. Inside Dimensions: Holes.—To measure inside 
dimensions, such as the diameters of holes, for instance, 


FIG, 27 


the inside calipers are used, as in Fig. 27. The procedure 
is identically the same as with outside calipers, but care 
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must be taken in tapping the instrument not to strike 
on the points, as these will be easily injured thereby. 
After the instrument 
is adjusted, the dis- 
tance between the 
points is again meas- 
ured with the rule, as 
shown in Fig. 28. 


35. Over-All Di- 
mensions.— When the 
length of an object is 
measured in  succes- 
sive steps, as, for in- 
stance, the bushing, 
Fig. 4, it is best also 
to measure the whole length, which then serves as a check 
on the measurements previously taken. 


FIG. 28 


36, Exactand Approximate Dimensions.—In the case 
of most objects some dimensions must be exact, while others 
may be approximate. Thus, in Fig. 2, the length (122”) of 
the shank of the bolt must be measured exactly, as the bolt 
is to be fitted into the eye of a lever that must move freely, 
without undue play between the shoulder of the head and 
the piece into which the bolt is screwed. Suppose that the 
bolt had been broken off at the screw and a new one was to 
be made; then it is evident that the shank of the old bolt 
must be very carefully measured so that the new one will 
exactly fit the length of the lever eye. The other lengths, 
that is, the extreme height of the head (4") and the length 
of the screw to the top of its rounded end (43”) are clearly 
not so important. It is Dee to round Of such unim- 
portant dimensions to the nearest 35’ or even 7", as the case 
may be. Thus, suppose the length of the screw, Fig. 2, 
actually measured $4”, it would be perfectly correct enough 
to mark this dimension 42” on the sketch. Other examples 
are the width and thickness of the base and uprights of the 
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object shown in Figs. 7 and 8. The piece is a casting 
finished only at the surfaces marked f,f. The actual 
measurements showed the thickness of the base to be 
between 43” and 43" and the thickness of the upright varied 
between about the same figures. This was evidently due 
to the shaking of the cee in the mold, and the thickness 
intended was no doubt ;,”, so this measurement was marked 
on the sketch. Likewise, the radii of the fillets joining the 
uprights and base were ‘‘guessed at” more or less (see Art. 43) 
to be }#” and 4”, respectively. In the various sketches 
a number of such dimensions that have been rounded off, 
averaged, or more or less arbitrarily fixed are marked with 
a little wavy line preceding the figures. See Figs. 8, 12; etc. 


3%. Establishing Centers.— Distances between two 
centers, as of two shafts, two holes, or distances between a 
center anda surface, etc., cannot in the majority of cases 
be measured directly with any of the instruments, and it 
requires considerable ingenuity and care at’ times to estab- 
lish such dimensions. The following are a few examples. 

A case very frequently occurring is the establishing of 
the distance between centers of two holes, as, for instance, 
in the connecting-rod, Figs. 11 and 12. This dimension 
(243,'") is here obtained by measuring the distance between 
the inside edges of the holes (2124), and adding to this 
measurement half of the diameter of each hole, measured 
244" 
es 
= 2133" 4+ 1" + 144" = 243,". Fig. 11 also furnishes 
another illustration: the distance between the center of 
the outside circle of the eccentric bushing and the center of 
the inside circle, that is, the eccentricity of the two circles. 
To find this, measure the thickness of the bushing at the 
thinnest part (,4"), add to it half of the diameter of the 
inner circle, and deduct this sum from half of the diameter 


with the calipers, the result being 212%” + 3” 


44a 
of the outside Pa thus, sat — (pp" + 3") = 144” 


—(q tl + ie) -— oe — gy.” 
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38. If the holes are of the same size, the distance 
between centers is at once obtained by measuring from 
the outside edge of one hole to the inside edge of the other, 
as, for instance, the distance 
31” between centers of bolt 
holes in Fig. 8, and 41” and 
22" in Fig. 14. Similarly, the 
distance between the center 
of the shaft holes in the ob- 
ject, Fig. 7, and the bottom 
of the base is obtained by 
measuring the distance from 
the bottom of the hole to the 
bottom of the base and adding 
to this the radius of the hole. 
The first dimension is, how- ra 
ever, not directly measurable with a rule, but must be 
gotten by prolonging the bottom line of the hole by means 
of some convenient straight piece and the square, as shown 
in Fig. 29. This straight 
piece must, moreover, 
be round in section, as 
its under edge would not 
otherwise represent the 
prolongation of the bot- 
tom line of the hole. 
At first sight it might 
seem as if this dimen- 
sion might have been 
taken more easily by 
measuring the total 
height of the piece and 
deducting therefrom the 
thickness of the metal 

Fic. 30 on top of the hole and 
the radius of the latter; but this would not give a reliable 
measurement, as the piece is not finished on top, while the 
bottom is, and as the dimension sought is an essential one, 
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it must be accurate. An easier way to get the measure- 
ment, however, is by the use 
of the surface gauge. The 
gauge is adjusted so that the 
point of the scriber lightly 
touches the bottom of the hole; 
the scriber is then removed 
and the distance from the 
plane to the point measured. 
See Figs. 30 and 31. 

Another example of finding 
the distance of a center from 
a plane surface is shown in 
Fig. 32. Theadjustable square 
is used to find the distance 
from the top of the frame of the 
machine, which is finished, to 
the top of the collar below. To this is added half of the diam- 


FIG. 32 


eter of the collar, ascertained by means of the outside calipers. 
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A further example is given in Fig. 33. It was required 
to measure the horizontal distance of the center of the shaft 
from the vertical finished front of the machine. ‘The square 
could not be used in the same manner as in Fig. 32, as 
the sliding carriage, already in its lowest position, was in 
the way. The dimension had thus to be transferred higher 
up, as it were. The plumb-bob was conveniently suspended, 
so that the plumb-line just touched the left side of the disk, 


\- ae 


\4 N . 


FIG. 33 


Next, the distance between this line and the front of the 
machine was measured and one-half of the diameter of 
the disk added thereto. Before this method could be 
employed, however, it had to be ascertained whether the 
machine so stood on the floor that the front surface of the 
frame were vertical. It was found not to be the case, and 
had to be wedged up on one side to make it so. 


39. Centers of Gear-Wheels: Pitch of Gears.—The 
distance between centers of two gear-wheels in mesh must 
be measured with particular accuracy, as it furnishes the 
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only clue to accurately ascertain the pitch of the gears. If 
the shafts are accessible, either in front or back of the gears, 
the distance between centers is 
easily established by measuring 
the distance between the shafts 
by means of inside calipers if 
the distance is short, or by 
means of two steel rules slid 
one upon the other, if the dis- 
tance is greater. See Fig. 34. 
To this measurement the radii 
of the shafts are added. If 
the shafts are flush with the 
wheels, so that the distance 
between centers cannot be measured in the above way, and 
if there are no hubs to make use of, the distance may be 
obtained by measuring across the wheels themselves and 
deducting their outside radii. This method will be abso- 
lutely exact only, however, if the number of teeth in both 
wheels is even, because, if the number is odd, the outside 
diameter cannot be measured accurately with the calipers ; 
there is a tooth on one end of the diameter and a space 
on the opposite end, the measurement being between the 
point of the tooth on the one end of a diameter and the 
point of the tooth next to the space at the other end of 
the diameter. The difference between the dimensions so 
obtained is, however, but very slight in ordinary cases. 


Fic. 34 


40. Having by some means ascertained the distance 
between centers, the diametral pitch* is found by dividing 
the sum of the teeth of both wheels by double the distance 
from center to center, and the circular pitch} by multiplying 


* The diametral pitch is a number indicating the ratio between the 
number of teeth and the pitch diameter; thus, 4 (diametral) pitch 
means that there are four teeth to each inch of the diameter, so that a 
wheel that has this pitch and has a pitch diameter of 5 inches has 
5 x 4 = 20 teeth, or a wheel that has 4 pitch and 20 teeth has a pitch 
diameter of 5 inches. 

+ The circular pitch is the linear measure on the pitch circle from a 
point on one tooth to the corresponding point on the next tooth. 
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double the distance from center to center by 3.1416 and 
dividing the product by the sum of the teeth of both wheels, 
or by formulas: 


diametral pitch = Hick fe 
QC 
; : 6.2832¢ 
circular pitch = tek 
in which V = number of teeth of large wheel; 
nm = number of teeth of small wheel; 
¢ = distance from center to center. 


By calculating both pitches it is generally recognized by 
what system they are constructed. Thus, if the calculation 
yields, for instance, a whole number, or a whole number 
and a half, or a whole number. and a quarter, for the dia- 
metral pitch, but an awkward decimal number for the circular 
pitch, it is fair to assume that the gears are cut to the 
diametral pitch indicated by that number. If the calcula- 
tion yields an awkward decimal number for the diametral 
pitch, but a whole number, or a whole number and simple 
fraction for the circular pitch, it is fair to assume that the 
gears are cut to circular pitch. 

Thus, the distance between the gears, Figs. 35 and 36, 
is by measurement 113}” 
(= 11.578"+) from center to 
emer, =) here. are 15: teeth 
in the pinion, or small gear, 
and 124 teeth in the large 
gear. The diametral pitch 
is thus 


124+ 15 139 


0008 
2 KX L1L5 08 23.156 Gres 
or 6, very nearly. 
The circular pitch is 
6.2832 x 11.578" ; 
ao peo. 
124+ 15 oes 
that is, between 3?” and 43”. FIG. 35 


39—19 
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It is thus very evident that the gears are cut to 6 diam- 
etral pitch. Asa proof, using 6 for the diametral pitch, 
the distance from center to center is: 

Pitch radius of large wheel + pitch radius of pinion 


1/124, 15\ _ 139 OL aD AOL , By" 
= (+3) Shes lls = are , as against We 
‘from actual measurement, the difference being only 4 
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FIG. 36 


In taking dimensions of gear-wheels, it is generally more 
exact to measure with a rule having inches divided into 
100 parts. 


41. The method of finding the pitch from the distances 
between centers is the only exact one, but cannot always be 
employed; in many cases, the circular pitch must be meas- 
ured directly at the point where the two wheels are in 
mesh, guessing more or less at the location of the pitch line; 
this will be quite close, however, since the teeth touch at 
the pitch line when passing through the line connecting the 
centers of the wheels. This method must be employed 
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invariably with miter and other bevel gears; it should 
always be employed as a check. 
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42, Curved Outlines: Fillets.—Curved outlines, such 
as occur in machinery frames, sometimes give considerable 
trouble in sketching. 
Fortunately, the di- 
mensions are in such 
cases seldom required 
to: be exact, and the 
measurements can be 
Roam de dot. The 
frame, Fig. 13, is an 
éxaniple, Eo .cet-the 
curved outline of the 
stand, the two-foot 
rule was held verti- 
cally in the center and horizontal measurements taken at 
various points of the rule, as illustrated in Fig. 37. 


Fic. 38 
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43. Sharp corners are avoided in machine frames when- 
ever possible, and rounded off by fillets. It is generally 
sufficient to measure 
the radius of such fil- 
lets approximately. 
Small ones may be 
judged entirely by 
eyesight, placing the 
rule against the sur- 
face \of the object 
where the curve begins 
and reading off a 
length equal to the 
distance of the rule 
from the other surface. 
pee Figs 38 Large 
fillets are best meas- 
ured by means of the 
rule and square, placing, as before, the rule against one 
surface of the object where the curve begins and the square 
on the other surface, sliding it against the rule until both 
indicate the same distance, as illustrated in Fig. 39. 

There are cases, however, in which it is essential to get a 
curved outline very exactly. In such cases it is best, if 
possible, to trace the outline by 
placing the object on the 
sketching pad and run the pen- 
cil point along the curves, as 
was done with the curved 
piece, Figs. 5and6. Evidently 
this method cannot always be 
resorted to, as, for instance, 
when the object is large or 
when the curve is so located 
on the object that it cannot 
be traced. The cam shown EE 
in Fig. 40 is an example. In such cases nothing short of a 
templet will suffice, made of either stiff paper or even tin 
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plate. The sheet is placed over the curve and by gentle 
taps with the hand or a peen hammer the outline is 
transferred. 


SKETCHING COMPLETE MACHINES 


NoTe.—The student is requested to read the following pages with 
great care, and he is invited to ask questions concerning anything he 
does not understand. ‘The sketches are exact reproductions of the 
original sketches, which were made by an experienced draftsman. 
While the student would not be expected to make sketches of such a 
complicated machine as this until he had had considerable experience, 
yet hecan derive great benefit from a careful study of these sketches 
and their description. 


44. In order to further illustrate what has been said 
in the foregoing articles, a complete set of sketches as actu- 
ally taken from a machine are here added. The machine is 
a shaping machine, or, as it is called, a crank-shaper, 
illustrated in Figs. 43 and44. The function of this machine 
is to cut into or plane the surfaces of any work fastened to 
the table seen in front; the cutting operation is performed 
by a tool held by a reciprocating slide, while the work is 
moved at right angles to the direction of motion of the tool 
(or vertically) a certain amount called the feed after every 
stroke, either automatically or by hand. 

The five accompanying illustrations are large folders, and 
to distinguish between these and the other cuts, they have 
been designated as plates and numbered according to the 
Roman notation. 


45. Inaccordance with the principle laid down in Art. 3, 
the machine was first sketched in its entirety, in four views: 
a front view (Plate I), a plan (Plate II), a right-side view 
(Plate III), and a partial left-side view (Plate IV). Each 
of these views requires a whole sheet of the sketching 
paper; then various details were sketched and also a sec- 
tional elevation of the frame (Figs. 41 and 42 and Plate V). 

The side view was started and finished first; next the 
front view, and lastly the plan. After these views were 
completed, the various measurements were taken, those 
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being taken first which could be ascertained without remov- 
ing any of the parts. Most of the outside dimensions, either 
of the frame or of the parts fastened to it, were obtained at 
this time; likewise, the distances between shaft centers, by 
the methods shown in Figs 32 and 33. 

After obtaining as many dimensions as possible without 
dismantling the machine, and especially such dimensions as 
are common to pieces fitted together, one part after another 
was taken off to get at other dimensions. The dismantling 
must be done very cautiously, so as not to miss a single 
point of importance. Wherever necessary, separate sketches 
should be made of parts that would be represented on too 
small a scale in the main view to be clearly seen. In such 
cases it is advisable to draw a line from these separate 
details to the main view, indicating the places where they 
belong, as shown on Plates I-V, and Figs. 41 and 42. 


46. It should be remembered that the various dimen- 
sions are rarely found more than once in the sketches, and 
that dimensions of one and the same part may often be 
found in entirely different places, perhaps in connection 
with the part to which it is to be fitted. It is therefore 
necessary that the draftsman clearly understand the con- 
struction and function of the machine before he attempts 
to lay out a drawing from the sketches. 

The reference letters used in the following description are 
to be found on the sketches, Plates I to V and Figs. 41 
and 42, and the sketches should be studied in conjunction 
with the text illustrations, as the student, by means of the 
latter, will get a better understanding of the shape and 
location of the parts. 


4%. The fundamental part of the machine, as seen in 
Figs. 43 and 44, is the frame, or column, a (Plates Land III), 
provided on its face with vertical rails a,, along which the 
cross-rauls b may be made to move up or down, by means of 
the vertical screw visible below it. This screw may be 
turned by the pair of bevel gears, shown in Fig. 45, one of 
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which is keyed to the shaft having a crank at one end. 
The saddle d is moved along the cross-rail d by means of a 
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nut on the feed-screw; see Figs. 44 and 45, the latter show- 
ing the nut detached from the saddle. When the feed- 
screw is turned by hand or automatically by the mechanism 
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to be described farther on, the saddle may be made to move 
either to the left or right, according to the direction in 
which the screw is turning. 


Fic. 44 


AS. The table e is fastened to the face of the saddle and 
is provided with T slots along its vertical side, for the 
attachment of the work to this side, if necessary. On its 
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top side it supports the wise f (Plates I, II, III), provided 
with one stationary and one movable jaw. The front jaw 
may be moved in and out by turning the screw.@@late II) to 
adjust the distance between the jaws for different sizes of 
work, and to hold it securely. The vise is swiveled on the 
table, and may be held in any position by a clamp screw 
underneath. Graduations on the table are intended to 
register with a mark on the lower edge of the vise. By 


FIG. 45 


® 


these means the vise may be quickly adjusted into any 
angular position with reference to the path of the cutting 
tool. By loosening the clamp screw that holds the vise to 

the table, the vise may be detached and fastened to the side 

of the table by insertimg the clamp bolt through the hole in 
the center; see Plate III and Fig. 44. 


49. A cutting tool isinserted in the tool post projecting 
from the fool block 7. The latter, together with the shaper 
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head h, is fastened to the ram g and can be adjusted. The 
ram moves forwards and backwards in a longitudinal direc- 
tion, betwee beveled guides, carrying the tool over the 
work. It should be noted that the tool block z is not rigidly 
attached to the shaper head #, but that it is able to swing 
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ona pininits upper end. This may be better understood 
by studying Fig. 46, a bottom view of the ram, in which 
the tool block is seen swung out in a position perpendicular 
to the face of the shaper head. By being swiveled in this 
manner, the tool is relieved from any unnecessary pressure 
against the work during the backward motion of the ram. 
This is not the only way in which the tool block may 
be moved relative to the ram. As indicated in the upper 
right-hand corner of Plate I, in the detail view of the 
shaper head #, the base plate z, of the tool block is able to 
swing in a plane at right angles to the ram around acentral 
screw passing into the shaper head. ‘The curved slot in the 
upper part of the plate indicates the extent of this angular 
motion. The purpose of this adjustment is to enable the 
tool tocut at the proper angle. Whenever such adjustment 
is to be made, the bolt, projecting through the curved slot, 
is loosened that the tool block may be swung into the desired 
position. The whole shaper head is also capable of moving 
up or down along the beveled guide in the front end of 
the ram (see Plate II). The handle, visible above the latter 
in Figs. 43 and 44, is attached to a screw that engages with 
the ram head. This screw supports the shaper head /, and 
the latter may therefore be lowered or raised by turning 
the screw in the proper direction (see Plate III). The pur- 
pose of this adjustment is to bring the tool down to the 
work and to regulate the depth to which the tool will cut. 
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50. The various adjustments mentioned are not sufficient 
for all purposes; provision must also be made for cases in 
which the tool has to cut along a plane that is at an angle 
with the horizontal plane of the machine. In this case the 
forward motion of the tool after each cut must be in a 
direction parallel with the plane along which the tool is cut- 
ting. For this purpose the head / of the ram (see Plates II 
and III), to which the shaper head is attached, may be 
swung around a stationary bolt in the ram until the desired 
angle is obtained. Various angles are marked off on the 
movable ram head, which, in conjunction with an index on 
the ram itself, will indi- 
cate the angular inclina- 
tion. The nut engaging 
with the bolt just men- 
tioned is seen in the re- 
cess in the front end of 
the ram (Plate III). 


51. The reciprocating 
motion is imparted to the 
ram by means of the os- 
cillating lever 2, Fig 42, 
shown detached in Fig. 47 and in position in Fig. 49. 
The upper end of this lever engages with a fork g, 
(Plate IV and Fig. 46) fastened in a slot in the upper 
part of the ram, while its lower end 
is fulcrumed on a rod the end of 
which is seen in Fig. 49. The point 
where the stroke of the ram begins 
and ends, relative to the work, may 
be determined by the position of the 
fork ins the “ram. lt may. be ‘shifted 
along the slot, seen in Fig. 46, and held 
in any desired position by means of the 
handle / engaging with a screw in the 
fork (see Plate III, Figs. 43 and 44). It should be noticed 
that the length of the stroke is unaffected by any position the 


FIG. 47 
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fork may occupy. To alter this length, other means are 
required to be pointed out farther on. 

If the jib # (Plates II and IV), which is fastened to the 
frame by the four bolts, visible in Fig. 44, is detached, the 


FIG. 49 


ram may be removed from the frame, when the inside of 
the frame with its mechanism may be examined. This 
examination may be further facilitated by detaching the 
plate a, with its door (Plate IV and Fig. 43), with the 
result shown in Figs. 49 and 50. 


52. The means by which motion is given to the lever z 
is most clearly shown in Fig. 51, where (a) is a front eleva- 
tion of the mechanism and (0) a sectional elevation taken 
on the vertical center line. of (2). The operation is as 
follows: 
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Sliding along a slot in the lever x is a block n, that is 
swiveled on a pin 0, in the plate o, called the crank, also 
shown in Figs. 48 and 52. The rear side of the crank is 
provided with a toothed segment and a boss, which engage 
with the pinion /, and the recess, respectively, on the large 
gear ~, seen inside the frame in Fig. 50, but shown more 
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fully in Fig. 51. The crank o is fastened to the gear p by 
means of the stud o,. The peculiar shape of the crank 
made it difficult to get the center-to-center distance between 
crankpin and stud center, the hole for the stud being 
depressed below the surface of the crank proper, while the 
crankpin projects above it. The distance was found by 
pressing the edge of a steel rule or other flat straight 
piece against the inside of the stud hole, as shown in 
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Fig. 52, and calipering carefully between the edge of the 
hole ‘and the pin. To this distance is added one-half the 
diameters of pin and hole. For the present it will be 
assumed that the pinion 9, is in one piece with the gear /. 
When, therefore, the gear # is revolving, the crank will 
revolve with it, and also the block z,, giving an oscillating 
motion to the lever x. The extent of this motion will 
depend on the distance between the centers of the block # 
and the gear g. Motion is imparted to the gear p by means 


FIG. 52 


of the pinion 7,, Fig. 51 (@), on the driving shaft 7, (Plates IV 
and V, Figs. 49 and 50), which also carries the cone pulley 7 
(Plates IIand IV). The latter may be driven by a belt from 
a countershaft conveniently situated above the shaper. 


53. Automatic Cross-Feed.—The previous description 
refers to the main functions of the machine; attention will 
now be called to the possible modifications and extensions of 
these various functions. When the work is to be moved in 
a horizontal direction while undergoing a planing process, it 
is generally desirable that this motion shall be performed 
automatically. In that case the screw shown in the cross- 
rail in Fig. 44, with a handle attached, must be given a 
fraction of a turn during the return stroke of the ram. 
This is the purpose of the two gears, seen in Fig. 44, at the 


right-hand side of the cross-rail. The smaller gear is pinned 
39—20 
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to the screw, while the larger revolves loosely on a stud on 
the cross-rail. On the same stud is a rocking lever, seen in 
Fig. 44 and on Plate III. The upper end of this lever has 
a pawl, which, when the cross-feed is to be made by hand, 
is held out of mesh by a little spring-actuated pin. When 
the feed is required to be automatic, the pawl is let down 
either to the left or right of its supporting stud, depending 
on whether the gear is to be driven to the right or left, 
respectively. The lower end of the lever has a pin inserted 
in one eye of the connecting-rod &,, whose other eye fits over 
the shoulder of the hollow nut %, on the cross-feed disk &. 
This disk has a dovetail slot, seen more clearly in Fig. 44, 
in which is a block having a screw with a washer and the 
hollow nut #,. By means of the latter the dovetail block 
can be clamped in any position in the slot of the disk. It 
follows that when £ re- 
volves it will impart an 
oscillating motion to the 
rocking lever, and that 
the extent of this motion 
will depend on the distance 
between the center of the 
nut #,, and that of the 
disk &. The disk is fastened 
to a stud that revolves in 
the boss, seen in Figs. 44 
and 53, and the detail sketch on Plate III. It receives its 
motion from the little pinion, partly visible in Fig. 45, which 
engages with the gear seen on the inside of the disk & 
(Plate III). Fig. 53 represents the disk moved out of gear 
with the pinion to better show the inside of the disk. This 
pinion consists of teeth cut directly in the end of the driving 
shaft 7, (Plate IV). 


FIG. 538 


54, Adjustment of the Stroke.—The adjustment of 
the ram stroke will now be explained in detail. On the 
right-hand side of the frame and above the feed-disk & 
is a collar, fastened to the frame, as seen in Figs. 44 
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and 54. Outside of this collar there is a revolving pul- 
ley g,, Plate III, with a clamp disk g, Fig. 51 (4) and 
Fig. 44. This disk carries a little pointer that indicates, 
by means of marks on the 
pulley, the length of the 
stroke. By loosening the 
spherical nut outside the 
disk g, it is possible to ad- 
just the latter relative to 
the pulley g, until the point- 
er indicates the desired 
stroke. How this adjust- 
ment affects the stroke will 
be explained by means of 
Fig. 51 (2). The clamp 
disk g is feathered to the shaft g,, and will therefore turn 
with the latter, but can be moved in and out longitudinally. 

It has already been explained that the pinion /, engages 
with the segmental gear on the crank o and that the latter 
may swing around the stud g,. Fig. 51 (@) is a front eleva- 
tion of these parts, in which the center of the crankpin a, 
is shown in line with the center of the pinion f,. If adjusted 
in this position, the effect will be that while the gear / is 
revolving with the pinion and the crank, the pin will simply 
revolve around its own center, letting the block z,, lever x, 
and the ram remain stationary. To impart motion to the 
latter, the shaft g, with its pinion is turned by means of a 
crank that may be placed on the end of the shaft g, and the 
crank o moved to the left until the pin 0, occupies any 
position between the central and the extreme left-hand 
position, indicated by means of dotted lines in Fig. 51 (¢). 
After the crank has been adjusted, the spherical nut is 
screwed up against the clamp disk g; this draws the coni- 
cal surface of the clamp disk, as well as the conical surface 
on the back of the pinion f,, down on their seats, making a 
solid frictional connection between the parts. As the hol- 
low shaft #, supports all these parts, the whole mechanism 


will revolve with the gear Z. 
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55. Some explanations will here be added to facilitate 
the understanding of the various sketches, each plate being 
considered in succession. 

Plate I.—The main view is a front elevation of the 
assembled machine, some parts being shown in section and 
some broken away so as to expose hidden parts. The left 
half of the shaper head /% has been removed in order to 
show the circular head of the ram. Likewise, part of the 
right-hand side of the vise is broken off to obtain a free 
view of the upper part of the frame, it being understood 
that both halves of the vise are symmetrical. The lower 
side of the table is shown in section better to show the 
T slots and central hole through which to insert the clamp 
screw, when the vise is fastened to the side of the table. 
In all cases where parts are sketched separate from the 
places where they belong, connecting lines indicate their 
true positions. For instance, the little screw sketched on 
the right-hand side has a line connecting it with the hole in 
the tool block. The long piece in the upper left-hand 
corner is a side view of the gib that holds the ram in place, 
and a line is seen leading from this piece to the place where 
the front end of the gib is seen in the main view. 

Plate [1.—The graduated circle shown above the main 
view is a constructive detail enabling the student to space 
the graduations on the ram in a correct manner. The set- 
screw shown to the right and below the ram is one of four 
screws that serve to adjust the gib with reference to the 
ram. ‘These screws may also be seen in Fig. 44. 

Plate [1I,—The two views in the lower right-hand corner 
represent a sectional plan view and end view, respectively, 
of the boss that supports the end of the driving shaft 7, and 
the stud for the cross-feed disk &. Above these views is 
found a sectional view of the cross-feed disk with its dove- 
tail block and hollow nut &,. In the lower left-hand corner 
is the connecting-rod &, with some details for the rocking 
lever 

Plate [V.—In the upper right-hand corner is a plan view 
of the table e on which are indicated the graduations by 


§ 15 SKETCHING 49 


which the vise may be adjusted. In the upper left-hand 
corner is a rear view of the frame with the ram in position. 
At the bottom of the plate is a longitudinal section of the 
ram with the fork g,, also various sections taken across the 
ram at the places indicated by the vertical lines. The detail 
in the lower right-hand corner is the screw in the top of the 
fork. 

fig. 41.—The views taken from left to right are: An end 
view of the saddle, a rear elevation of the same, and, lastly, 
a front elevation of the central part of thecross-rail. There 
is also shown part of the screw that supports the cross-rail 
and the bevel gears by which it is raised and lowered; also, 
details of the nut engaging the cross-feed screw, a sectional 
detail of the upper part of the rail, and a partial bottom 
view of the rail. 

Fig. 42.—The views on this sheet should be easily under- 
stood in conjunction with Fig. 51, and require no additional 
information. 

Plate V.—The main view is a sectional side elevation of 
the frame taken along line oo, Fig. 42, with the lever and 
crank removed. Sectionsare also taken along lines +4, yy, 
and gz, and shown at various places on the sheet. Sec- 
tion xx gives a plan view of the driving pinion 7,, together 
with the driving shaft 7, and the supporting boss. Above is 
found a detail view of the crank and below a plan view of 
one corner of the base. 


CONCLUSION 


56. The student is advised to practice sketching at 
every opportunity. He may sketch any convenient object, 
as, for example, a monkeywrench, a table, a vise, etc. The 
kitchen stove, or a wagon will present considerable diffi- 
culty. No matter what the object may be that is sketched, 
it must always be kept in mind that every sketch must be 
so made and dimensioned that a working or finished draw- 
ing can be made from it without the necessity of seeing the 
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object again. Hence, the student is advised not only to 
make sketches of convenient objects, but also make at least 
pencil drawings from these sketches. The making of the 
drawing will reveal any omissions or defects in the sketches, 
and will afford him the best kind of practice. 

After the student has attained a certain degree of Soh: 
ciency and gained confidence in himself, he is advised to go 
to some machine shop or other establishment where mechan- 
ical work is being done and sketch some of the smaller 
objects to be found there. Then, when he gets employ- 
ment as a draftsmen, he will find the work comparatively 
easy and his advancement will be more rapid. 
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INTRODUCTION 


1. Orthographic Projection.—When the mechanic 
is required to make any article whose form or dimensions 
are not previously known, it is evident that a description 
of the work in question should be furnished him. This 
description may be, and often is, given by verbal instruc- 
tion; but in order to enable the worker to understand 
definitely what is wanted, the form of the object, its dimen- 
sions, and the quality of the material to be used should be 
stated. Instruction given in this way is, however, seldom 
satisfactory either to the workman or to his employer, since 
it is difficult in such cases to place the responsibility for any 
errors that may occur. 

Written instruction, therefore, would seem to be prefer- 
able; but, since most objects would require an extended 
description, a shorter and more convenient method of con- 
veying the desired information is to be sought. A draw- 
ing of the object is therefore made. 

These drawings are generally made by a process termed 
orthographic projection, or, as it is usually called, projec- 
tion drawing. Every detail of the object is correctly 
represented in this drawing, so that the workman knowing 
how to ‘‘read the drawing’’ may obtain his measurements 
therefrom for the construction of the object itself. He is 
also enabled by an examination of the drawing to under- 
stand exactly how the object will appear when completed. 
Hence, we have the following definition: 

§ 16 
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Orthographic projection zs the process of making cor- 
rect representations of objects by means of drawings. 


2. A Working Drawing Generally Necessary.— 
Before a pattern for any article can be made, a working 
drawing is needed. No pattern, however simple or plain, can 
be produced until we have something definite to work from. 

The metal worker does not go to the trouble of preparing 
a drawing on paper for every piece of work he is called on 
to make, since many objects are so plain that a brief verbal 
or written description of their dimensions gives the mechanic 
all the information he needs to enable him to lay out his 
work. 

If, for example, a tinsmith is called on to make a box out 
of IX tin, 4 inches long, 3 inches wide, and 1 inch deep, he 
immediately proceeds with the steel square to lay off the 
given sizes directly on the metal; but if the same mechanic 
is required to make a round pan having flaring sides or some 
article of a form not readily carried in the mind, there is 
one thing he must do before he can proceed with the work 
or even lay out the pattern—he must make a working 
drawing of the object. 


3. What Constitutes a Working Drawing.—There 
are several ways in which this drawing may be made, 
depending altogether on how complicated the object is. In 
the case of the pan referred to, it may be desirable, by an 
application of certain principles, to omit the operation of 
making a drawing consisting of several views and proceed 
as with the box to ‘‘lay it out” directly on the metal. In 
this case, however, it will be found that the operation 
differs from that of making the box referred to, since it is 
first necessary to mark out the sizes and outlines as they 
will appear when the pan is completed. These sizes may or 
may not forma part of the pattern, but they are required 
as preliminary lines from which to ‘‘lay off,” or ‘‘strike 
out,” the pattern. 

Marking out these sizes or dimensions of an object is 
really making a working drawing. This drawing may be 
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full size—in which case it is referred to as a detail draw- 
ing—or it may be drawn to a scale, either larger or smaller 
than the object itself. 


4. Where the Drawing Is Made.—In the case of 
plain articles, the necessary drawings may be made directly 
on the metal; in the majority of cases, however, the work is 
of a more or less complex nature, making it highly impor- 
tant that a full-sized properly made detail drawing be used. 
This is not always provided, and the mechanic frequently 
has to make his own detail from a small freehand sketch or 
possibly from a drawing made to asmall scale. In the latter 
case, an enlarged drawing must generally be made before 
the work of laying out the pattern can proceed. This neces- 
sitates operations with drafting board and drawing imple- 
ments—with which the student is already familiar. The 
proficiency that has been acquired may now be put into 
practical use in the operations to follow. 

It is the purpose of this section to present methods by 
which working drawings may be made and read. These 
methods are presented ina practical way, that the principles 
laid down may be readily understood by the student. 


GENERAL PRINCIPLES 


5. Various Kinds of Drawings.—The most common 
representations of objects are those used for purposes of 
illustration merely and known as perspective drawings. 
They are of little value to the mechanic to serve as working 
drawings, since they are not drawn toa scale in the same 
way asa projection drawing, and to obtain measurements 
therefrom is an operation both complicated and indirect. A 
photograph is an ideal perspective picture, but no one would 
think of using a photograph as a working drawing. The 
photograph and the perspective drawing represent the object 
‘as we see it,” or as it appears to the eye of the observer, 
while the working drawing—the projection drawing—repre- 
sents the object as zt actually is, or will be when made. 


4 PRACTICAL PROJECTION § 16 


A photograph, however, shows only such objects as really 
exist, while a projection drawing often shows objects that 
exist only in the imagination of the draftsman or a person 
capable of understanding, or ‘‘reading,” the drawing. By 
means of such drawings the imagination is aided in pictur- 
ing the object as already constructed—or, as we would say, 
it enables the mechanic to see the object ‘‘in his mind's eye.” 


6. What Is Shown in a Drawing.—The perspec- 
tive drawing always shows more than one side of an object— 
generally three sides—while the working drawing seldom 
shows more than one side, that being the side towards the 
observer. The position of such other portions of the object 
as are not located on the side shown in the drawing may, 
however, be indicated in a projection drawing by dotted 
lines. No lines should be used in a working drawing that 
do not represent actual edges, or outlines, in the object 
itself. We sometimes find certain edges or outlines of an 
object represented in a drawing by heavy lines. These 
heavy lines are called shade lines; but since they are not 
essential features of the working drawing, no description of 
them is necessary in this section. There is also an elaborate 
system of representing the effect of light and shade on 
curved and receding surfaces by means of lines properly 
disposed over the surfaces shown in the drawing. Since 
these lines are for effect only, and their meaning is apparent 
to the observer, the principles governing their use are not 
made a part of the subject matter of this section. 


%. Position of Observer.— Another point of differ- 
ence between the perspective and the projection drawing is 
that, in taking the view of which the perspective drawing 
is a representation, the eye of the observer remains in a 
fixed position, and in the same relation to the drawing as the 
camera is to the photograph; while in that view of the 
object of which the projection drawing is a representation, 
the eye of the observer is always supposed to be directly 
over or opposite that point in the drawing which is being 
noted. 
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This may be illustrated by the student for himself in a 
very simple way. Place a sheet of paper on the drawing 
board and draw a horizontal line, say 6 inches long; now 
lay an ordinary 2-foot pocket rule against this line, in the 
manner shown in Fig. 1, and proceed to mark off the line 
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to correspond with the divisions on the rule. He will find 
that he is obliged to get his eye directly over each mark on 
the rule, and to ‘‘sight” carefully down on to the rule 
before making each mark, very much as he would ‘‘sight ” 
or look along a piece of work to see whether it is straight or 
not. It will be noticed also that he is making ome eye do 
all the work in this ‘‘sighting,”’ and, further, it will be 
observed that in making the markings he is moving his head 
as he progresses towards the end of the line. He is obliged 
to do this to keep his eye exactly over each point on the line 
as it is marked. 


8. Line of Sight.—The line first drawn on the paper 
is not the only one made use of in reproducing the markings 
on the rule. The student has unconsciously made use of 
another line, or, more properly, a set of lines, that are an 
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important feature of projection drawing. These lines are 
those made use of in doing the ‘‘ sighting ’’ necessary for 
the marks; they are purely imaginary lines and are not rep- 
resented in the illustration. They are very properly called 
lines of sight. The lines of sight in a projection drawing 
are always perpendicular to the drawing. They extend from 
a point in the eye of the observer to a point on the drawing 
that is directly opposite, as indicated by the point of the 
draftsman’s pencil in Fig. 1. 

These lines of sight—which, as stated, are only imaginary 
lines and are not represented in a working drawing—con- 
stitute one of the most important features of the projection 
drawing; for on these lines we are enabled to obtain the 
views from the object, and, by means of other lines, called 
projectors, bearing a certain relation to the lines of sight 
(as will be explained later), we can reproduce the views thus 
obtained on the drawing. 


9. Lines of Sight Always Parallel.— When it is 
desired to make a drawing of any object, the lines of sight 
must be used in the same manner as in marking the divisions 
on the line in Fig. 1; that is, care must be taken to keep 
the lines of sight in any one view parallel to one another. 
We may take different views of the same object, or, to 
express it otherwise, we may take positions on different 
sides of the object, in order to obtain views therefrom; but 
in any view thus taken the above statement must be care- 
fully observed and the lines of sight kept exactly parallel to 
one another. 


10. Several Views Necessary.— We have already 
noted that a projection drawing seldom shows but one side 
of an object. Since there are no objects that present all 
their dimensions on any one side, it necessarily follows that, 
in order to convey a correct idea of the form of an object, 
it is necessary to make a drawing—or a projection—of as 
many sides as will enable the correct shape and dimensions 
to be shown. We may make these drawings from as many 
points of view as may be desired; but for certain reasons, 
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to which attention will be called later, it is generally prefer- 
able to view all objects from six sides, which correspond to 
the six sides of a cube. 


11. Before we proceed with the explanation of ortho- 
“graphic projection, it is important that the student should 
be informed about what are known as the angles of pro- 
jection. That is to say, he must know something about the 
positions supposed to be assumed by the object when the 
different views are taken. Draftsmen generally recognize 
for projection drawing two principal angles in which the 
objects are placed, and the drawings made in these two 
angles are called, respectively, jirst-angle projections and 
third-angle projections. 

These different positions of the object will be uaderstood 
by the student from an examination of Fig. 2,in which four 
angles are formed by the intersection of the horizontal 
plane A BC Dwith the vertical plane £ FG H. Then, of the 
four right angles included between the planes, the angle BPG 
is called the frst angle, the angle GPC is known as the 
second angle, the angle C PF is the ¢hird angle, and the 
angle # PB isthe fourth angle. In the view shown at (a) 
these two planes are assumed to be opaque and the object to 
betransparent. The lines of sight are projected from the eye 
of the observer to the plane of projection, ¢hrough the object. 
In the view at (0) the planes are assumed to be transparent 
and the lines of sight pass from the object to the eye of the 
observer, through the plane. 'The effect of these different 
positions of the object is merely to change the relative posi- 
tions of the different views when made on the drawing board. 

The drawings made in this section are first-angle pro- 
jections. Third-angle projections are made by processes 
similar to those here explained and the different positions of 
the views will be pointed out to the student at the proper 
time. 

12. Plans and Elevations.—It being assumed that 


the object is in some fixed position, the various views take 
their names from the different positions of the observer in 
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his view of the object. Thus, a view taken from above, or 
looking down on the object, is called a plan; so also isa 
HH I 


acti 


(a) 


FIG. 2 


view from beneath, or looking up at the object; thus we 
nave the terms op plan and bottom plan. The two views 
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thus obtained are frequently designated by terms that vary 
with the class of objects represented and not infrequently 
derive their names from some portion of the object itself. 
Thus, a top plan of a house is a view of the roof taken from 
above and is called a roof plan; while a ceiling plan is, as 
its name indicates, a view of another part of the house taken 
from the opposite direction. In the case of small objects 
generally, such views are termed /op plan or bottom plan, as 
the case may be. These views, in certain cases, should be 
marked on the drawing, in order to guard against error. 
Here it should be noted that while the position of the object 
is not changed in making either the top or the bottom plan, 
yet the position of the observer is. When the two plans 
thus made are compared, it is found that the corresponding 
points of the drawings are changed in their relation to each 
other in the same manner as the hands of two persons that 
are standing exactly infront of and facing each other-—the 
right hand of the one being opposite to the left hand of the 
other. 

A view taken from the side of an object is called an 
elevation. That side of an object shown in any elevation 
gives its name to that drawing; thus, a view of the front of 
an object is called a front elevation. So, also, we have the 
terms rear elevation and side elevation. Insome cases it may 
be more convenient to designate the elevations by the points 
of the compass; for example, the orth elevation of a build- 
ing is a projection of that part of the building which faces 
north, or, to state it as we have done before, that part of 
the building seen when looked at from the north. 


13. Section Drawings.—Cases frequently occur in 
which the views or dimensions desired to be given on a 
working drawing cannot be shown in either plans or eleva- 
tions. Under such circumstances, recourse is often had to 
a class of drawings termed sections. A section drawing is 
a projection of an object assumed to have been cut in two 
in a certain direction, usually at right angles to the lines of 
sight. Those parts of the object between the observer and 
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the place where the cut is made are assumed to have been 
removed, so as to present an entirely new surface. This 
surface is not seen in the object itself, since the cutting is 
entirely imaginary—done simply for the purpose of showing 
some interior construction. 

The cut just referred to may be made in a horzzontal, a 
vertical, or an oblique direction, according to the way in which 
it is desired to show the section. Portions of surfaces that 
have been cut in this way are usually represented by certain 
conventional methods, indicating the character or composition 
of the material. A custom frequently adopted, and which 
will be followed in the drawings for this section, consists in 
designating surfaces exposed by the cut by a series of closely 
drawn parallel lines. Such lines are usually drawn at an 
oblique angle, as compared with the other portions of the 
drawing, and are called cross-section lines or cross-hatching. 


14, A Set of Plans.—It is a common practice, when 
speaking of a set of drawings consisting of various plans, 
elevations, sections, etc.—as for a house or for some other 
object—to refer: to them asa “*set of. plans.” “This as%a 
collective phrase for the drawings and its use in this way is 
perfectly proper; when used in this sense, however, it is not 
understood as applying simply toa plan view as explained 
in Art. 12. Drawings for large objects are frequently of a 
size such that the different views are more conveniently 
made on separate sheets. Architectural drawings are usually 
separated in this way, and it is often necessary for the one 
that is to read such drawings to arrange the sheets ina 
particular manner, in order that the relation between the 
views may be understood. This arrangement of the views 
will be considered later. 


15. Foreshortened Views.—The lines in a projection 
drawing—or, as we shall term it hereafter, a prosection—are 
either of the same length as the corresponding edges or out- 
lines of the object itself, or they are /foreshortened. No 
lines are represented longer than they actually exist on the 
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object, except in cases where the drawing is made to an 
enlarged scale. All lines that are used to represent the 
edges or outlines of an object, and that are at right angles to 
the lines of sight in any view, are represented in that view 
by their true length. Lines that represent other edges or 
outlines, and are not at right angles to the lines of sight, are 
consequently represented shorter than they exist on the 
object, and are then said to be foreshortened. 


16. Geometrical Forms.—The simplest geometrical 
form that we can imagine is a port; next we have a /ine, 
defined as the shortest distance between two points; then a 
surface, which isa flat, or plane, figure bounded by lines; and, 
finally, a so/zd, which in turn is bounded by different surfaces. 


1%. The Combination of Geometrical Forms.—Since 
the mechanic deals with objects of various forms that 
may be said to represent. geometrical solids, we shall 
endeavor to convey an idea of the way in which the repre- 
sentation of these objects may be simplified by resolving 
them into their elements, or the parts that combine to pro- 
duce these forms. We thus have to deal with points, lines, 
surfaces, and solids; of these four things, one only—the 
solid—can be represented by any actual thing or be such 
as to enable us to handle it, for there is no object that does 
not possess length, breadth, and thickness to a greater or less 
extent. It consequently follows that the other three forms 
are entirely imaginary. The student that can most readily 
conceive or imagine their existence in this way will most 
readily comprehend the principles involved in projection 
drawing and pattern drafting. 


18. A Test of the Student’s Imagination. — The 
following illustration will show how a solid may be resolved 
into the simplest of its elements and still retain its definite 
and characteristic form. We will suppose a sheet-metal box 
to be made in the form of a cube, each edge being 1 inch 
long. The six square pieces of sheet metal that make the 
sides of this box are to be lightly soldered together, ‘‘ edge 
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andedge.” This box represents a geometrical solid, although 
it is by no means a solid considered in a physical, or prac- 
tical, sense. It is, in fact, popularly spoken of as being 
‘hollow’; but we could very readily convert it into a solid 
by filling it with molten solder. It represents, however, as 
it is, a geometrical solid, and as such we will consider the 
parts of which it is made up, without paying any attention 
in this elementary part of the subject to the material of 
which it is composed. We are now dealing with forms only, 
and until these principles are fixed in the student’s mind no 
attention will be paid to other details. 


19. We first look for the surfaces of this solid, of which 
we find six. The student may have some difficulty in under- 
standing that the surfaces of this cube, which he can appar- 
ently distinguish by the sense of touch, exist only in an 
imaginary way. We refer him, therefore, to our definitions 
for the explanation of this seeming paradox. A surface, we 
have been told, has length and breadth, while a solid has 
these and also a third property—thickness. Now, as we 
have said before, we cannot consider the material of which 
the cube is composed, but if we handle it we will be obliged 
to refer to the metal of which the sides of the cube are made. 
These metal sides have thickness; it may be only a few 
thousandths of an inch, but still it zs thickness, and conse- 
quently does not come within our definition of a surface. A 
surface may be compared to a shadow, which can be dis- 
tinguished by its outlines or shape, but, as every one knows, 
is absolutely without thickness. It is in this sense that we 
refer to the sides of the cube as its surfaces. We find also 
that each of these six surfaces is bounded, or defined, by four 
edges or outlines, the lines in turn being terminated at the 
corners of the cube by points, of which there are eight. It 
will now be seen that these eight points, situated at the 
extremities of the lines, or edges, of the cube, perfectly 
define the shape and size of the geometrical solid. 

If we could imagine the metal sidesof the cube to dis- 
appear entirely, leaving only the points at the corners, we 
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would still have as perfect a representation of the size and 
shape of the cube in our minds as if it had an actual exist- 
ence and could be seen by the eye. For these imaginary 
points could then very easily be imagined as being connected 
by lines, and we could then ‘‘ see” the surfaces, and finally 
the solid, existing in the same imaginary way. It will thus 
be comparatively easy for us to transfer a representation of 
this solid to our drawing, since we can use the points as the 
markings on the rule were used in connection with the lines 
of sight in a previous illustration. 


20. The Imagination a Valuable Assistant to the 
Draftsman.— An object, or solid, of any conceivable 
shape may thus be resolved into its elementary parts or 
points. The drawing of the object, then, will consist simply 
of locating the positions of these points on the drawing. 
We may have drawings to make that will require the jlocation 
of a hundred or more of these points, depending entirely on 
the form or shave of the object we are dealing with, but the 
principles are in all cases the same. 

If the student, after resolving an object in this imaginary 
way, will carefully study or imagine the proper location of 
these points in their relation to the object itself, defining 
their positions on the drawing one at a time, much that may 
appear complicated at first sight will resolve itself into very 
simple and comparatively elementary work. Complicated 
work is usually nothing more or less than the aggregation of 
a number of simple operations that appear complicated only 
because they are combined. There is no field of work to 
which the latter statement ts more applicable than to that of 
the draftsman. 

It is in the ‘‘imaginary ” way thus described that the 
student is directed to picture to himself each figure as pre- 
sented to him for the making of the drawings on the plates. 
This part of the study is, as will be noticed, almost entirely 
the work of the imagination; but it should be practiced by 
the student for the sake of the assistance it will be to him 


later on. 
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The operations of projection drawing follow one another 
in a natural sequence, which we will proceed to trace out in 
a series of drawing plates. As the student follows these 
operations, keeping in mind the foregoing principles, he will 
have no difficulty in making or reading any drawing. 


PLATES 


21. Seven plates are to be drawn by the student in 
accordance with the directions given in this section. They 
are to be of the same size as those drawn for Geometrical 
Drawing, and the same general instructions regarding the 
preparation of the plates are to be observed; they must be 
drawn and sent to us for correction in the same manner. 

The letter heading for each problem, which has heretofore 
been placed on the drawing, will be omitted, and the stu- 
dent is required only to designate each plate with the letter 
heading, or title, that is printed in heavy-faced type, both 
in this section and on the reduced copies of the plate. For 
this purpose the dlock-letter alphabet is used. 


22. The dimension lines and figures shown in the first 
three problems of the drawing plate, title: Projections I, are 
to be especially noticed by the 
—— Right —— — student. They are ordinarily 
used in all working draw- 
ings, and preference is invari- 
ably given to a dimension 
1 figure, rather than to the scale 
to which a drawing is made. Dimension figures are not to 
be placed on the plates, since the object in requiring the 
student to draw these projections is rather to enable him to 
gain an idea of their principles than to be able to make a 
finished working drawing. 

Dimension and extension lines when used should be light 
broken lines. Care should be exercised to make the arrow- 
heads as neatly as possible and of a uniform size—not too flar- 
ing. They are made with a steel writing pen and their points 
should touch the extension lines, as illustrated in Fig. 3. 
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DRAWING PLATE, TITLE: PROJECTIONS I 


23. General Instructions.—This plate is divided into 
four equal spaces, and each of these divisions, with the 
exception of the upper left-hand space, is again divided, by 
means of a central vertical line, into two equal parts. Use 
light pencil lines, as they are not. to be inked in and are 
intended only to facilitate the location of the problems. 
These lines are not shown on the printed copies of the 
plates. Before attempting to draw any of the problems 
on the plate, the explanations accompanying each problem 
should first be carefully read and compared with the reduced 
copy of the plate and also with the illustrations in this sec- 
tion. The principles of projection drawing will thus be 
better understood by the student and their application 
readily made when more difficult drawings are undertaken. 

The fundamental laws of progection are contained in the 
first four problems, and tf these are thoroughly mastered by 
the student, the application of the laws to the remaining prob- 
lems will be comparatively easy. 


24. Why Different Views Are Drawn.—The names 
of the different views have already been noted; in this 
plate it is shown how they are distinguished from one 
another in a drawing. The relation of the different views 
to one another will also be explained. 

Some objects in certain positions may have all their 
dimensions represented in two views—a plan and an eleva- 
tion—but generally three views should be drawn. There 
are, indeed, many cases where views from each of the 
six sides, as well as sections and views taken from oblique 
positions, are necessary. It has already been observed that 
lines are represented in their true length only when at right 
angles to the lines of sight; consequently, since the posi- 
tion of the object in any set of views is not changed, it is 
necessary to change the position of the observer in such a 
manner as to bring the lines of sight where they will be at 
right angles to the lines in the object, thus enabling the 
latter to be shown in their true length on the drawing. 
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The student will readily perceive that in drafting-room 
work it is of the highest importance that the lines which 
combine to make up the surfaces of any object should be 
shown in their ¢rue length, or at least be presented in such 
positions that their true lengths may be easily found. With- 
out these true lengths, no measurements can be obtained 
from which to lay out patterns, a pattern being merely a 
representation of the surfaces of some solid. It is neces- 
sary, therefore, to be prepared to take views of any object 
from any position; for there are many different forms, or 
shapes, of solids, and it is necessary to be able to show in its 
true length any line in the object that may be needed fora 
pattern. 


25. The Base Line.—We shall first consider objects 
in positions that may be shown in two views. Draw a 
horizontal line through the central portion of the upper left- 
hand space on the drawing, as at #~-z on the plate. In the 
portion of the space below this line are to be drawn the top 
plans of each of the two simplest forms, viz., the point and 
the line. The space above this line is to contain the eleva- 
tions of the same forms. The line thus drawn is called a 
base line and defines the boundary of the -.surfaces on 
which we are to ‘‘sight,” or, as we shall say hereafter, on 
which we are to prazect the lines of sight. It is necessary 
to call the imagination into use again and imagine the 
paper to be bent up at a right angle on this line. 


26. Planes of Projection.—The drawing paper is 
imagined to be the surface that intercepts the lines of sight; 
and in the case of a plan, as seen from instruction already 
given, must be a horizontal surface, while in the case of an 
elevation, it is imagined to be a vertical surface. The dif- 
ferent portions of the drawing on which the projections are 
made are called planes of projection, and are also distin- 
guished by other names that designate the position they are 
supposed to occupy in intercepting the lines of sight. That 
portion of the drawing on which the elevation is drawn is 
called the vertical plane of projection; it is represented 
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on this plate by the space above the base line; the portion 
below the base line is devoted to the plan and is called the 
horizontal plane of projection. We shall, for the sake of 
brevity, refer to these surfaces by the use of the letters 
VP and HP, respectively. Copy these letters into the upper 
and the lower left-hand portion of their respective spaces 
on the drawing, using for that purpose a block letter one- 
half the size of the title letter and leaving a distance of 
4 inch from the border lines of the spaces. 


2%. Foot of the Line of Sight.—Before proceeding 
with the drawing of this plate, it is desired to call the atten- 
tion of the student to the distinction to be observed between 
the zmaginative and the practical features of this subject. 
The imaginative feature is employed when a conception of 
an object is formed by the student in accordance with the 
instruction in previous articles, and also when the lines of 
sight are applied in the imaginary way, asin the “ sighting ” 
illustrated in Fig. 1. The application of the practical 
feature in this instance is made when the position of each 
division of the rule is indicated on the drawing by a pencil 
mark or dot. The practical part of the work is always 
accomplished by the aid of pencil and drawing instruments. 

The two features are closely associated, since we cannot 
have a practical representation of any object without first 
having an idea, or an imaginative conception, either of the 
object itself or of the means of projection. The practical 
feature of the work was introduced in the illustration (Fig. 1) 
when a mark or dot was made on the paper, thereby indica- 
ting the position of the point at which the line of sight was 
intercepted by the plane of projection. 

That point on any plane or drawing where a line of sight 
is intercepted is called the foot of the line of sight. When 
the foot of every line of sight that can be used on the ele- 
mentary points of any object is thus represented on the 
drawing by dots, and connecting lines are drawn between 
such dots, the drawing is completed, and the object is said 
to be ‘‘ projected.” 
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28. Projectors.—If but one view of an object were 
required, the use of the lines of sight as previously explained 
(representing the imaginative feature) and the drawing of 
the dots and lines referred to in the previous article (repre- 
senting the practical feature) would be all that is necessary 
for the student to understand before proceeding with the 
work on the drawing board. 

Since it has been shown that several views are required, 
another important practical feature must necessarily be 
explained. This relates to the connection usually established 
between the different views of a drawing and the lines that 
are drawn in a certain manner between corresponding points 
in each view. These lines are usually not represented in a 
finished drawing, since they are in the nature of construction 
lines. They are essential, however, to the work of making 
the drawing, andit is very important that the student should 
thoroughly understand the principles by which they are 
employed. These lines are called projectors and may be 
defined as the ¢vace of a line of sight, or the representation 
of the foot of a line of sight moving in a certain direction. 
Projectors are used in two ways, which are distinguished 
from each other for the present by the terms przmary and 
secondary. 


29. Primary Projectors.—This use of projectors is 
illustrated in Fig. 4, which shows the drawing bent up ata 
right angle along the base line m-x. The point A is pro- 
jected to HP by the’ vertical line of sight C B-it is*also 
projected to VP by the horizontal line of sight DZ; Band & 
are dots at the foot of each line of sight. 

It is assumed that the first position of the observer is at C; 
he then moves, in the direction of the arrow, along the 
dotted line to D. If, in so doing, he continues to sight 
through the point A, it is apparent that a line will be traced 
from & to Fon HP and from / to Lon VP. The upright 
portion of the drawing V P is now imagined to be bent back- 
wards until laid flat on the drawing board, and it is evident 
that & #'B is represented on the flat surface of the two 
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planes of projection by the straight line E’ FB. It may 

therefore be drawn as a straight line by the aid of the tri- 

angle and T square, the position of the point 4 in each view 

being determined by the points Band £’ at the extremities 
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of the line. These points (or dots, for points, being entirely 
imaginary, could not, of course, be actually represented) * 
B and £’ are the projections of the point A—the line 
drawn between them (LF £’) is called a projector. When 


* Attention has been called to the fact that points, lines, and surfaces 
are entirely imaginary geometrical forms. ‘This is true in the sense 
that the student must consider such forms in the imaginative study of 
this subject. When their representation on the drawing paper is con- 
sidered, however, something that can actually be seen by the eye is 
required. Therefore, when a point is referred to in this section as per- 
taining to the drawing, it is to be represented by a neat dot in the 
proper place on the paper. In like manner, a line should be represented 
by a fine pencil mark drawn between two points marking its extrem- 
ities. When the line is to serve a special purpose, as explained in this 
section, it is inked in in a particular manner characteristic of its use, in 
order that the drawing may be more easily read. A surface, therefore, 
would be represented by a portion of the drawing bounded. by the 
proper lines and descriptive of the form of surface represented. Re- 
member that accurate work cannot be done unless the pencil points are 
in good condition. The student should provide himself with a smooth 
file or piece of fine sandpaper and frequently sharpen the chisel point 
of the leads in both pencil and compasses, in order that fine sharp lines 
may be readily drawn. 
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projectors are used as in this illustration—that is, between 
two planes that may actually be bent up as shown in Fig. 4— 
they are said to be used in a primary manner. 

The secondary use of the projector will be shown in con- 
nection with Problem 3, Case III. 

The practical use of the projector is clearly shown in the 
following problems. It is a most important factor in the 
projection, and, as will be seen from instruction soon to 
follow, is often the first line to be used in a drawing. 


PROBLEM 1 


30. To project the plan and elevation of an imag- 
inary point. 


There are two cases of this problem, representing differ- 
ent positions of the point. Definite instructions are given 
for drawing the first projection and the student is expected 
to draw the second. projection without further directions. 


Case I.—When the point ts located 1 inch from each of the 
two surfaces V P and H P. 


This position is illustrated in Fig. 4, referred to in 
Art. 29. 


ConsTRUCTION.—Fix a point J (see plate) 1 inch below 
the base line on the drawing. This point should be 2 inch 
from the left-hand side of the drawing and is the plan view 
of the point given in the problem. Bring the T square and 
triangle into position and draw the projector vertically 
upwards and across the base line. Fix a point at.Z’ on the 
projector 1 inch above the base line. A projection drawing 
is thus made, showing two views—a plan and an elevation 
—of the required point, the position of which is thus defi- 
nitely established. 

Fig. 4 is an illustration of the imaginative feature and 
the projection drawing just made is a representation of the 
practical feature of the work—the part actually made by 
the draftsman. The intimate connection between the two 
features may be seen if the drawing just made is compared 
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with the illustration in Fig. 4. Similar results are found 
to have been accomplished in both cases, the method last 
employed being the only one practicable for actual use. 
When inking in this drawing, make small round dots to 
represent the positions of the points, and always ink in 
projectors as light dot-and-dash lines, as shown on the 
plate. These dot-and-dash lines should be inked in in a 
uniform manner, as on the plate, the dashes being about 
4 inch in length and spaced about ;5 inch apart, with a 
light dot between each dash. Measure the distances by the 
eye and preserve a uniform shade for all projectors, thus 
giving the drawing a neat appearance. The base line should 
be represented by a heavy dotted line, as shown at m-w in 
the perspective illustration of Fig. 4. 

When making the preliminary drawings, do not attempt 
to draw dotted lines with the pencil, since thts is liable to 
affect the accuracy of the work. (Keep the chisel point of 
the pencil sharp and draw as fine a line as can be distinctly 
seen. The contrast between the different lines on the draw- 
ing may then be clearly indicated when the work is inked in. 


Case I1.— When the potnt ts located 14 inches from V P 
and 4 inch from H P. 


The student will fix the location of the point in the plan 
and elevation on the drawing without further instructions, 
bearing in mind the fact that distances from V P are meas- 
ured on the plan and distances from H P are shown in the 
elevation. Reference to Fig. 4 explains this statement. 
Case II should be placed on the drawing about 4 inch to the 
right of the preceding figure. 


PROBLEM 2 
31. To project the plan and elevation of an imag- 
inary line, the line being in a right position. 
The term right position is used in connection with pro- 


jection drawing as distinguished from the terms znclined, 
or oblique, position. ‘The line, therefore, can be either in a 
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horizontal position or in a vertical position and _ still be 
designated as ina vzgh¢t position. There are three figures 
for this problem, representing three cases where the line is 
in a right position and yet represented differently on the 
drawing. The different positions, the various distances, 
and the length of the lines for the three cases of this prob- 
lem are clearly illustrated in the perspective drawings 
shown in Figs. 5, 6, and 7% Instructions are given for the 
drawing of Case I on the plate, but the student is expected 
to be able to make the drawings for Cases II and III with- 
out further directions than those contained in the illustra- 
tions. Be careful to preserve a distance of 4 inch between 
the drawings, so that the plate may present a neat appear- 
ance when completed. 


Case I.—When the line ts parallel to both H P and V P. 


ExPLANATION.—This position of the line is illustrated in 
Fig. 5, and, as apparent from that figure, the drawing is 
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merely an extension of Problem 1. Each end of the line 
is treated as a point, projected first to the plan and after- 
wards to the elevation in precisely the same manner as was 
the point in Problem 1, the only difference being that there 
are two points instead of one, for we cannot have a line 
without establishing at least two points. 
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This problem also illustrates another principle of projec- 
tion already referred to, viz., all lines at right angles to the 
lines of sight in any view are shown in that view in their 
true length; or, in other words, the lines that are to be 
made on the drawing to represent the plan and elevation 
of AB, Fig. 5, will be of the same length as A B is indi- 
cated in the figure, viz., 2 inches. The angles HA B and 
LAB are right angles, although shown in perspective in 
the figure; and, since the lines of sight in any view are 
always parallel to each other, the angles GBA and KB A 
must also be right angles; consequently, as the line A B is 
at right angles to the lines of sight in both views, it must 
be shown in its true length in both the plan and the eleva- 
tion on the drawing. 


ConstTRucTION.—To make this drawing on the plate, draw 
a horizontal line of the given length and the proper dis- 
tance (i. e., 1 inch) below the base line. This will be the 
plan of the line A B. From each end of this line (C D in 
Fig. 5 and on the plate) draw projectors to the elevation; 
or, to use the term by which such operations are desig- 
nated, project the ends of the line CD to the elevation. 
After measuring off the proper height above the base line, 
draw the horizontal line & /, which is the elevation of the 
linea BS. 


Nore.—When a point is projected from one view to another, its 
projector (a straight line) is drawn from the first view to the view pro- 
jected, and always at right angles to the base line. 


Case I1.—Where the line is in a horizontal position and 
at right angles to V P. 


ExpLaNnaTion.—Fig. 6 illustrates this case. It will be 
noticed that the plan view of the line does not differ very 
much from the plan of the line given in Case I, merely that 
it is represented by a vertical line on the drawing in the 
plan in place of a horizontal line, as in Case I. The 
line A B is at right angles to the vertical lines of sight G D 
and A/C in both cases. The line A # in this figure is in 
such a position that the horizontal line of sight A & passes 
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through both points B and A. The projection of these 
points, therefore, on the elevation is the single point £& at 
the foot of the line of sight AZ. A single line of sight may 
pass through an unlimited number of points in any view, 
but the foot of such line of sight is always represented in 
that view by ove point on the drawing. The student who 
is to read that drawing must picture to himself, or imagine, 
the position of these points as they are supposed to exist in 
the object of which any drawing is a representation. It is 
further to assist his imagination that other views are drawn, 
and by means of which the position of the different points 
may be definitely located. Thus, in this case, if we were 
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to consider the elevation alone, without paying any atten- 
tion to the plan, we would say that the point & represented 
merely some other point (imaginary, of course) that could 
be situated anywhere on the line of sight K#. A glance at 
the plan, however, shows not only where the location is, 
but how many points are represented. In this case there 
are two points represented by &, one directly in line with 
the other. The plan also shows how far apart these points 
are, and from the two views it can be further seen that the 
line is in a right position perpendicular to VP. If it were 
not, the two points would not be in the same I'ne of sight, 
and would, consequently, require two positions on the ele- 
vation, whereas they are designated by the one position &, 
Fig. 6. 
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ConstRucTion.—Since the drawings for this case have 
been shown in the preceding explanation to be similar to 
those of Case I, no definite instructions need be given. The 
two drawings differ in position only and are drawn as 
shown on the plate, the plan being first constructed. 


Case TI.—Where the line ts in a vertical position. 


This is shown in Fig. 7, each feature of which has already 
been explained in connection with Figs. 5 and 6. The 
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drawing may, therefore, be made by the student in accord- 
ance with the dimensions given in the illustration. 


32. Proof of a Projection Drawing.—The various 
cases of the foregoing problem represent lines in different 
positions, and, as in the case of the point in Problem 1, the 
student will see that these projections definitely represent 
the position of each line; further, that for each position 
indicated, but one line can be placed, or can occupy that 
position. It is recommended that the student prove this 
assertion as follows: Copy the projections of this problem 
on another piece of paper and bend the paper at right 
angles along the base line, as shown in the illustrations; 
take a piece of small wire of the given length, to represent 
the lines, and proceed to hold it, in turn, over the drawing 


for each case, at the same time ‘‘sighting,” or using the 
39—22 
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lines of sight, as illustrated. It will be seen that, in order 
to make the foot of each separate line of sight come to the 
proper place on the drawing, the wire must be held in the 
position indicated in the statement of the case. 


PROBLEM 3 


33. To draw the projections of an imaginary line 
in a rightly inclined position. 


There are three cases of this problem, in all of which the 
given line is rzghtly inclined ; that is, the angle of inclina- 
tion is such that the true length of the line may be shown 
in either a plan, a front elevation, or in some elevation that 
shall be at right angles to the front elevation. The differ- 
ent cases of this problem are presented in perspective views, 
from which the projection drawings are to be made by the stu- 
dent. They illustrate the principles of foreshortened views. 


Case I1.—Where the line is horizontal, but inclined toV P 
at an angle of 45°. 


EXPLANATION.—This is shown in Fig. 8, which gives all the 
dimensions and distances necessary to enable the student to 


FIG. 8 


draw the projections on the plate. The student will note the 
position of each point and carefully observe the instructions 
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for making the drawings. Bear in mind that, although 
the drawing is only that of a single line, careful study must 
be given to it, for the principles on which these simple pro- 
jections are made are the same as for any other projection 
drawing. These principles are shown in a more compre- 
hensive way.in simple problems than if an object of com- 
plex form were presented, requiring a confusing number of 
points to define its outline. In Cases I and II of this prob- 
lem, the plan is first to be drawn and the elevation projected 
therefrom. 


CoNSTRUCTION.—Since the line in Case I is in a horizontal 
position and therefore at right angles to the vertical lines 
of sight, it will be shown in its full length on the plan. The 
line is stated to be inclined to V P at an angle of 45°; draw 
the plan, therefore, at that angle to the base line and at 
such distance below the base line as indicated in Fig. 8 and 
shown at A B& on the plate. Project the points A and B to 
the elevation, and at the given height above the base line 
draw a horizontal line between the projectors. This is the 
elevation of the line shown in the plan, and since its entire 
length is contained between the horizontal lines of sight *& 
and HG, Fig. 8, the line cannot be shown on the elevation 
as being any longer than the perpendicular distance between 
the projectors. This distance being less than the actual 
length of the line, the elevation is, in this case, called a 
foreshortened view of the line. It represents, however, the 
entire line, and reference to the plan is necessary in order to 
find its true length. 


Case 11.—Where the line ts parallel to P but inclined 
to HP at an angle of 60°. 


Construction. —Fig. 9 shows that the plan is to be rep- 
resented by the horizontal line / H. It also gives the length 
of the line in the plan, which is a foreshortened view. 
Therefore, draw / 7 1 inch long and 1 inch below the base 
line. Draw the projectors and fix a point at / on the pro- 
jector drawn from /, at the proper distance above the base 


line. This will be one end of the line in the elevation. 
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With the compasses set to 2 inches (the length of A #) and 
using the point /, fixed on the projector drawn from /, as a 
center, describe an arc intersecting the other projector. 
The point that represents the other end of the line is 
located at this intersection, and the line may then be drawn. 
Now bring the T square into position and prove by the 
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triangle that the line / / is at an angle of 60° with the base 
line. It will be seen that it would have been possible, after 
fixing the position of a point at either end, to have drawn 
the line at once with the 60° triangle. Attention is called 
to both methods in order to show the student the connection 
between them. 


Case III.—Where the line ts rightly inclined to V P at an 
angle of 60° and ts also inclined to H P. 


ExpLANATION.—In Cases I and II, the line has been in 
such positions as to enable its full length to have been 
shown in one of the views drawn on the plate. Inthis case, 
a position is illustrated in which the line is shown foreshort- 
ened in both of these views. It will therefore require 
another view to. be projected in order that the line may be 
shown in its true length. Since it is known that the line is 
rightly inclined, the additional view required will be at right 
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angles to the base line. As another view is to be drawn, so 
another base line will be required. This base line, being 
merely the lower boundary of a surface supposed to be in an 
upright position to receive the lines of sight and at right 
angles to the surface of the elevation previously drawn, will, 
consequently, be at right angles with the base line in a 
drawing that shows only two views—such drawings as have 
thus far been made. 

Fig. 10 contains the given dimensions, etc. for this position 
of the line. This perspective figure shows the interception 
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of the lines of sight from still another direction than has 
been shown in the preceding illustrations. In the same 
manner a view may be obtained from any side of an object 
or at anyangle other than a right angle. The method of 
accomplishing these results by the use of the T square and 
triangle on the flat surface of the drawing board will now 
be shown, and the illustration of the bent-up surfaces will 
not be continued beyond this problem. Such illustrations 
are, however, always implied in a projection drawing, for 
that part of the work is the imaginative feature previously 
mentioned, to which the attention of the student will be 
directed throughout this instruction. 

Since the angle of inclination to the elevation is the same 
in this case as in the plan of Case II, the length shown on 
the elevation of this projection will be the same as in the 
plan of that case. In this drawing, the line is, however, ina 
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different position as related to the plan, and from Fig. 10 it 
will be seen that it must be represented by a vertical line in 
that view on the drawing. 


ConstrucTion.—Extend the pase line on the plate to the 
center of the next space, from which point draw a vertical 
line downwards to the division line; these lines are to be 
inked in the same as the base line in the first space. In the 
smaller space thus enclosed on the drawing is to be drawn 
the plan for this problem, the front elevation occupying the 
same relative position as before, directly above the plan, 
while in the space at the right the side elevation will be 
projected. First, draw the elevation as at £’ Fon the plate, 
fixing the point /’ at the specified distance above the base 
line. As the foreshortened length in the plan is given in 
Fig. 10 as 12 inches, draw the line C D of that length, as 
shown on the plate, keeping the point C at its proper dis- 
tance below the base line, as indicatedin Fig.10. The view 
to represent this line in its true length may next be drawn. 
It is known that this view must be one in which the line 
itself is represented at right angles to the lines of sight. 
There is a choice of two views for this projection—either to 
the right or to the left side. Having already utilized the 
space to the left on the plate, the side elevation is, in this: 
case, projected to the right. The method employed in 
Case II might here be used to project the side elevation, but 
since it is customary, when a number of elevations are pro- 
jected from the same plan, to facilitate the operation by 
drawing between such views lines that are termed secomit- 
ary projectors, an explanation of their use is here presented. 


34. Secondary Use of the Projector.— The term 
secondary is not applied in the case of projectors as indica- 
ting an unimportant or infrequent application of these lines. 
The name is used rather to distinguish operations in which 
similar principles as applied to the imaginative features are 
differently represented on the drawing in the application of 
the practical features of the work. In fact, both uses of 
these lines are required in most drawings. It is therefore 
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essential that the student should become familiar with the 
various means employed in producing them on the drawing. 


35. It is evident, from an inspection of Fig. 10, that the 
eye of the observer at £ in moving around along the broken 
line in the direction of the arrows to take position at K 
would trace a line from /, through O, to Z. The part of 
this line (7 Q) that shows on the front elevation is parallel 
to the base line of that surface; and, also, that part of the 
line (O L) shown on the side elevation is parallel to the base 
line of the side elevation. It is seen that the definition of 
the projector, as previously given, applies equally to the 
lines / Oand OL. If the two planes of projection repre- 
sented by the two upright surfaces could be bent in the 
same relation to each other as were the plan and the elevation 
in Fig. 4—1. e., on the line PQ, Fig. 10—the use of the pro- 
jectors in these views would be no different from that already 
described. It is customary, however, in first-angle pro- 
jection, to assume that such upright surfaces are always bent 
downwards and away from the plan; to accomplish this 
result, the secondary use of the projector isemployed. Sup- 
pose, now, that the upright surfaces, represented in Fig. 10, 
were bent backwards until laid flat on the drawing board. 
Evidently, there would be an appearance presented similar 
to that shown in Fig. 11, and an open space would be shown 
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on the drawing board included between the angle PQ P’. 
The paper on which the drawing is made is not of an irregular 
shape, thus to be bent up at will; further, the operations 


32 PRACTICAL PROJECTION § 16 


performed in projection drawing are such that they can be 
accomplished only on the flat surface of the drawing board. 


36. It is found that similar results may be obtained in 
two ways, both being easily affected by the aid of the draw- 
ing instruments. The first is known as the angular method, 
and is thus accomplished: If the projectors /* O and O' L, 
Fig. 11, or any other corresponding set of projectors, parallel 
to their respective base lines, are extended until they inter- 
sect each other, it is found that a@// the intersections are on a 
diagonal line terminating exactly at the intersection of the 
base lines. It is also found that ¢thzs diagonal line exactly 
bisects the outer angle formed by the base lines. Applying 
these principles, therefore, to the drawing, bisect the outer 
angle formed by the base lines on the plate and produce the 
bisector indefinitely towards the right-hand side of the space. 
The outer angle formed by the base lines in this case being 
an angle of 270°, the bisector may be drawn with the 45° 
triangle, since a line thus drawn will be at an angle of 135° 
with both base lines. 


3%. Fig. 12 is a reproduction of the projection drawing 
from the plate, showing the bisector drawn as previously 
pi~ —PECoMDARE PRosecron._/ directed. Draw /' #4. and E'y 

y/ | parallel to the base line in the 
front elevation; from their inter- 
sections with the bisector at + 
and y, draw x Landy & parallel 
to the base line in the side eleva- 
tion. Project the points C and D 
from the plan to the side elevation 
by the use of primary projectors, 
as previously described. The 
side elevation of the line A B of 
ay ey dhe __N Fig. 10,.then, is a line drawn be- 

” tween points of intersection of 
the primary with the secondary 
projectors, as shown by AZ, Fig. 12. The lines F’ x, x L, 
and £' y, y R are called secondary projectors, and are used, 
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as in this case, when projecting points between views that 
are related to one another in the manner shown. Project- 
ors are used in a similar way when, for reasons that will be 
shown later, the base lines are at an angle other than a 
right angle. In all cases, the outer angle is bisected as 
shown in Fig. 12, and the secondary projectors are drawn 
parallel to their respective base lines. 


Note that the front elevation, shown in Fig. 12, ts a. fore- 
shortened view, and corresponds in length with the perpen- 
dicular distance between the secondary projectors in the 
side elevation. 


38. Reading a Drawing.—The ability to read a draw- 
ing consists of the intelligent comparison of the different 
views and is well illustrated in the projections just drawn. 
The different views—or the different prozections, as they 
are called—must never be considered as drawings apart 
from one another. Each projection is shown to be neces- 
sary in order to enable the position of some point or element 
of the object to be established in the reader’s imagination. 


PROBLEM 4 


39. To draw the projections of an imaginary line 
in an obliquely inclined position. 


The projections of this problem are to be drawn by the 
student in the next space on the plate, following the instruc- 
tions here given. 


CoNnsTRUCTION.—Draw the base lines as in the last space 
used for Problem 8, but place the lines ? inch higher on the 
plate and extend them 4 inch farther to the right in the 
space. These base lines will be used in the construction of 
the projections as before, but will not be inked in on this 
drawing; they are construction lines only—to be erased from 
the plate after the drawing is completed. It has been 
shown that base lines are necessary for determining the 
position of the different points on a drawing and are 
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essential in establishing the first few points in any projec- 
tion; but as the drawing progresses and other lines are 
produced, any right line in a view—i.e., a line at right 
angles to the lines of sight—may be used as a base from 
which to establish the position of points in a drawing. 
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Represent a foreshortened view of this line in the plan by 
a line 14 inches long, drawn at an angle of 45° with the base 
line of the front elevation, as shown at A B, Fig. 13; draw 
the front elevation (also a foreshortened view) at an angle 
of 30° with the base line. Draw the line A B in the plan 
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and G £ in the front elevation in such positions that the 
end of either line nearest to the base line shall be } inch 
from that line. Next draw the side elevation as explained 
in Problem 3, Case III, and it will be seen, when the side 
elevation is completed, that A / is also a foreshortened 
view, not representing the true length of the line. 

An elevation will now be projected in which the line may be 
shown in itstrue length. This will be an elevation whose 
surface is parallel to the line. Draw the base line of this 
surface 4 inch from the line A fon the plan and parallel to 
that line, as at C D, Fig. 13. This figure is an illustration 
of the projection drawing, showing all the lines used in 
its construction, certain of which, as already explained, 
are not to appear in the completed drawing on the plate. 
Note that the oblique elevation K Z is projected in the 
same manner as the side elevation was drawn, the only 
difference being that the outer angle O DC, formed by the 
base lines, is greater than a right angle, but is treated in 
the same way. This completes the problem, and in finish- 
ing the figure on the plate, the student will ink in only the 
different views and the primary projectors, erasing all other 
construction lines. 


40. Finding True Lengths by Triangles. — It is 
possible to find the true lengths of lines from a plan and any 
elevation showing such lines obliquely C 
inclined by a shorter method than that 
given in Problem 4. This is accomplished | 
by the use of the right-angled triangle. 4 B 
If such a triangle is constructed, with its 
base equal to the length of the line shown in the plan and 
its altitude equal to the vertical height shown in the eleva- 
tion, the hypotenuse will be equal to the true length of the 
line. This is shown in Fig. 14, in which A & is made the 
same length as A B, Fig. 18, and B C, Fig. 14, is equal to 
the vertical height shown in the elevation, i. e., & /, Fig. 13. 
Since A BCisa right angle, the hypotenuse 4 C, Fig. 14, 
is equal to the true length of the line. This statement is of 
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the greatest importance to the draftsman and should be 
proved by the student. Construct a triangle on a separate 
piece of paper and set off the lengths from the drawing with 
the dividers; afterwards compare the length of the hypot- 
enuse with the length of the line shown in the oblique eleva- 
tion, or full view. This is an illustration of a principle of 
much use in later problems, and one on which certain impor- 
tant principles of patterncutting depend. 


41. All Projections Depend on Similar Prin- 
ciples.—There is no conceivable position of a line that may 
not be shown or its true length not be ascertained by the 
application of the principles contained in the foregoing 
simple problems. Lines have been used to illustrate these 
problems drawn at such angles as were conveniently made 
with the T square and the 45° or 60° triangles, but any angle 
or any position could as well have been represented, since the 
principles are in any and all cases the same. We will now 
proceed with the representation of flat, or plane, surfaces. 


42, Planes, or Plane Surfaces.—All drawings made 
to represent surfaces are composed of lines that bound, or 
limit, their borders, or sides. These drawings, therefore, 
will differ from those of the foregoing problems only in the 
fact that they are the representation of lines shown in their 
relation to one another. There are, however, certain prin- 
ciples relating to flat, or plane, surfaces that must be borne 
in mind, since they influence this relation of the different 
lines in a drawing. 


43. That the student may have a thorough knowledge 
of the principles employed in the representation of surfaces, 
it is essential that he first have a clear conception of what a 
plane is. A plane surface, as has been stated, has only an 
imaginary existence, being bounded, or enclosed, by imagi- 
nary lines; this surface may be in any conceivable position, 
but is always a flat surface. If viewed from a certain direc- 
tion—viz., as if ‘‘on edge”—it would be represented by a 
single straight line. If the student can imagine a plane 
surface indefinitely extended in every direction beyond the 
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boundary lines of the figure, he will have a very good con- 
ception of a plane; any number of points or lines, the posi- 
tions of which are anywhere on this surface thus extended, 
are said to be ‘‘ in the same plane ”’ in relation to one another. 


44, To illustrate: Suppose two flat-top tables of the 
same height are on the floor of a room perfectly level and of 
indefinite extent. Here isa practical representation of two 
planes, both of them in a horizontal position; one plane is 
represented by the floor, while the other plane is parallel to 
the first and ‘‘ passes through ”’ the tops of the tables. The 
surfaces represented by the tops of the tables are said to be 
‘‘in the same plane.” The tables may be placed some 
distance apart, yet the straight edge of a ruler laid across 
their tops would exactly coincide with the upper surfaces of 
both tables and would remain in contact at all points for 
every position of the ruler. 

The plane surface represented by the top of one table is 
said to be ‘‘in the same plane ” asthe corresponding surface 
of the other table. The same could be said with reference 
to any other surfaces answering thesametest. Any number 
of flat surfaces are said to be in, or to ‘‘lie in,” the same 
plane with one another, and the same is true of any lines or 
points used to define any surface or position in that plane. 

The planes in the foregoing illustration of the floor and 
tables are horizontal planes, but may be imagined in any 
position, vertical or inclined, needed for the projections of 
a drawing. 


45. How the Position of a Plane Is Determined. 
Since any two points determine the position of a line, soany 
three points not in the same straight line determine the 
position of a plane. To illustrate: Take a square piece of 
cardboard, thick enough to remain flat, and push pins of 
equal length through each of the four corners so that they 
will resemble the legs of a chair. The object will stand 
firmly when placed on a level surface with the points of the 
pins down, for the reason that all the points represented 
by the ends of the pins are inthe same plane. If one of the 
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pins is withdrawn and a shorter one inserted in its place, 
the cardboard will not be stable when placed as before, and 
can be ‘“‘ rocked,” for the point at the extremity of the short 
pin is not in the same plane with the other three. Two 
planes are thus defined—one determined by points at the 
extremities of the three long pins and the other by points at 
the ends of the short and the two adjacent pins. Both of 
these planes may be imagined as extended indefinitely, one 
plane being inclined to and intersecting the other. 

Again, a flat sheet of metal may be supposed to represent 
a plane surface. All points that may be located on this 
sheet arein the same plane; but ifa sheet that is ‘‘ buckled ” 
is chosen, it is possible to locate some points on the surface 
of that sheet higher or lower than others, and the points 
would then be in different planes. The connection between 
the plane and the plane surface, then, is such that, to be 
defined as a plane surface, every point on that surface must 
be in the same plane. 


46. In drawing different views for the illustration of 
the plane surface, we shall first use the octagon, requiring the 
projection of eight points and the intermediate lines. The 
use of the word ‘‘imaginary ” in connection with the state- 
ment of the problem will henceforth be discontinued, since 
it has been clearly shown that all surfaces, as well as other 
geometrical elements, depend for their existence on the 
imaginative feature referred to in previous articles. It 
will be understood, therefore, when any geometrical element 
is mentioned, that the practical feature is to be employed— 
the imaginative, of course, being implied. 


PROBLEM 5 
4%. To project three views of an octagonal sur- 
face, representing it in a horizontal position. 
The three views consist of a plan, front, and side eleva- 


tion. A perspective view of the surface in the required 
position is shown in Fig. 15. 
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EXPLANATION.—AIll lines used to define this surface in the 
plan are at right angles to the vertical lines of sight; and 
since the lines will thus be drawn in their full length in that 
view, the surface will there be shown in its full dimensions. 
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This principle also applies to any view of a plane surface in 
which all its lines are at right angles to the lines of sight. 
The plan of the surface, then, will be a true octagon, and 
may be drawn on the plate with lines tangent to a circle 
14 inches in diameter, using the T square and 45° triangle 
for that purpose. 


ConstRuctTion.—Draw the base line for the front elevation 
3 inches above the lower border of the drawing, and draw 
the vertical base line (for the 
side elevation) 22 inches from 
the left-hand border. De- 
scribe the circle previously 
mentioned in such a position 
that the nearest edges of the 
octagon will be 4 inch from 
each base line; the figure may 
then be completed in the plan. 
In this and the remaining 
problems to be drawn on this 
plate, the right views are to be 
drawn 4 inch from the base 
line in allcases. In both eleva- 
tions, the lines of sight in crossing the surface pass also 
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through the points in that portion of the surface farthest 
from the observer; and as the eye of the observer travels 
from points opposite to JZ and J, Fig. 16, in tracing the 
front elevation, the foot of every line of sight would be 
projected on a single line on VP. The elevation of the 
surface, therefore, is represented on the drawing by the 
single straight line JZ NV, Fig. 16. Project the front and 
. . . . 4 . 
the side elevations in their proper places, completing the 
_ problem. 

NorTs.—The single line that constitutes each elevation of this prob- 
lem represents the eight lines of the octagonal surface shown on the 
plan. ‘This is shown in Fig. 16, which is a copy of the plan and front 
elevation on the plate, lettered for convenience of reference. Two of 
the lines in the plan, Ad Band / £, Fig. 16, are shown in their full 
length by that portion of the line 47 VV included between the points P 
and Q; since / £ is directly in line with A Z in the elevation, as 
already explained, it is shown by the same line P Q used to define A B. 
The line A is shown foreshortened at 17 P; and as G Fis directly 
behind HA, MP represents G F also; QV bears the same relation 
to &®Cand YD. The line G His represented in the elevation by the 
point 47; J, in like manner, represents C. Thus, the line 7 iV 
represents a certain view of the eight lines 4d B,BC, etc. to HA, and 
also a view of the surface defined by those lines. 


The above is very important and should be carefully read, as it 
shows the application of principles to Problem 5. 


PROBLEM 6 


48. To project the views of an octagonal surface 
that is in a rightly inclined position. 

Note.—No perspective figure is shown for this problem, and the 
projections will be made on the plate from the following directions. 
The same figure is used for this problem as for Problem 5. ‘These 
drawings are really a continuation of that problem; and since a full 
view of the surface is shown in the plan of Problem 5, projectors will 
be drawn from that view, in order to define the plan of this problem. 

ConstructTion.—Draw the horizontal base line in the next 
space on the drawing and at the same distance from the 
lower edge as the corresponding base line was drawn in the 
space for Problem 5; draw the vertical base line 12 inches 
from the left side of the space. 

The front elevation of this problem will first be drawn. 
Draw a line inclined to the horizontal base line at an angle 


of 60° and equal in length to the line shown in the front 
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elevation of Problem 5; the lower end of this line should 
be 4 inch above the base line, as previously explained. It 
should be drawn in such a position on the plate that vertical 
projectors from the ends of the line will pass through the 
central portion of the horizontal base line. Mark the posi- 
tion of the points indicated by the projectors, as at IZ, P, OQ, 
and WV, Fig. 16, and from these points draw four vertical 
projectors to the plan. Intersect these with horizontal pro- 
jectors drawn from the plan in Problem 5; draw the con- 
necting lines between corresponding points thus projected; 
this produces a figure that is the plan of the octagonal sur- 
face in the rightly inclined position indicated by the front 
elevation. 

Project the side elevation by the use of secondary pro- 
jectors, as previously explained. Reference to the copy of 
this plate will be of assistance tothe student during the pro- 
jection of these views. The completed drawings are there 
shown and the method of projecting between different 
views is indicated by projectors partially extended towards 
the left of the plan of this problem. 


49. Basis of Projection.—The plan and side eleva- 
tion of this surface are foreshortened views. There are, 
however, two lines in each view shown in their true length; 
this may be proved by a comparison of the figures with the 
plan of Problem 5; the other lines in each case are fore- 
shortened. 

It does not necessarily follow, however, that any of the 
lines ina rightly inclined view are shown in their true length. 
Had theangle of inclination been along the line A Z, Fig. 16, 
every line would have been foreshortened; again, in the 
‘case of surfaces having curved or irregular outlines, the least 
angle of inclination in any direction would preclude the 
possibility of representing, in a foreshortened view, any 
portion of the outline in its true length. 

It will thus be seen that the point is the only geometrical 
element not subject to change, or variation, in any view. 


It may therefore be relied on as a basis of projection. The 
39—23 
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outline of any surface in the different views is determined 
by first fixing the location of points at the extremities of 
the boundary lines of such surface, afterwards drawing the 
connecting lines, as in this problem. 


PROBLEM 7 


50. To project a full view of a surface from a 
given plan and elevation showing that surface in a 
rightly inclined position. 


A full view of any surface may be projected by assuming 
a view to be taken at right angles to a line in which the 
entire surface is represented, for in such a view the lines of 
sight are at right angles to the outlines of the surface. 


ConstructTion.—In the next adjoining space to the right 
on the plate, copy the plan and the front elevation of Prob- 
lem 6, placing the projections so that they will occupy the 
same relative position in the space. ‘To obtain a full view 
of the surface in this problem, a view must now be assumed 
at right angles to the line in the elevation; in other words, 
the elevation must be considered as a plan and a new 
front elevation projected therefrom. ‘The plan copied from 
Problem 6 is used as a base plan, secondary projectors being 
drawn from thence in the manner shown on the plate and 
described in the following article. The projectors in this 
case are drawn by the arc method, sometimes more con- 
veniently employed than the angular method previously 
described. 


51. Arce Method of Drawing Secondary Project- 
ors.—Draw a base line, for the projection of the full 
view, from the intersection of the base lines previously 
drawn and parallel to the line that represents the surface of 
the octagon, as A & (see plate). At the point of intersec- 
tion of the base lines (4) erect a perpendicular to the 
oblique base line A B, as B C, producing it indefinitely 
towards the right. The positions of all points in the plan 
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are now to be located on this line in the same relative posi- 
tion as they would occupy if projected horizontally to the 
vertical base line in the drawing. The points are accord- 
ingly projected horizontally to the vertical base line B D; 
thence, by using the compasses and describing arcs from a 
center B, located at the intersection of the base lines, they 
are projected to the line BC. The projectors are then con- 
tinued beyond & C, but parallel to A B; they are there 
intersected by primary projectors drawn from corresponding 
points in the elevation, as shown. Locate the various posi- 
tions of the corresponding points at the intersections of these 
projectors and produce the full view of the octagon by 
drawing the connecting lines. 

It will thus be seen that the drawing of secondary pro- 
jectors by this method involves frst, projection to the 
nearest base line; second, the describing of arcs from the 
center shown; and /zrd, the continuation of the projectors 
parallel to the base line of the desired view. If the draw- 
ing has been carefully made, it will be found that the sur- 
face thus defined is an exact counterpart of the plan in 
Problem 5, and that the full view projected in this problem 
is in the same relation to the elevation as the plan in Prob- 
lem 5 is to the elevation of that problem. 


52. Views Necessary for the Projection of the 
Full View.—When it is desired to project a full view of 
any surface that is represented in a drawing in an inclined 
position, it is necessary to have one view that will show all 
the points of that surface as contained in one line. A pro- 
jection must also be drawn at right angles to that view, in 
order that such dimensions of the surface as are at right 
angles to those in the first view may be shown in their true 
length. 


53. Full Views Sometimes Obtained Without Pro- 
jection Methods.—A comparison of the views in the 
projections of the last problem will prove that the vertical 
primary projectors included-within the surface of the octa- 
gon shown in the plan are of the same length as the secondary 
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projectors in the view last projected. This knowledge 
may be used to some advantage in producing a full view 
without using all the projectors employed in this problem. 

Thus, draw a horizontal center line through the plan, as 
E F (see drawing on the plate for Problem 7) and draw 
primary projectors from the elevation to the full view in 
the regular way; at a convenient distance draw a line at 
right angles to, and crossing, these projectors, as G H. 
This line will be the center line for the full view, the points 
of which may then be located with the dividers in the fol- 
lowing manner: Set the dividers to the length @e in the 
plan and set off a corresponding distance at a’ ¢' in the full 
view; in like manner make 0’ /’ equal to 0 /, etc., as shown 
on the plate. Complete the outline of the full view, then, 
by drawing connecting lines as heretofore. 

This method is generally followed in pattern drafting, 
since it requires less time than to draw full projections as in 
the construction of the problem, and there is less liability 
of error. 


54. If the student that does not clearly understand the 
principles by which these projections are made will cut a 
piece of cardboard to the same size and shape as the plan 
of Problem 5 and hold it in such positions that the foot 
of the lines of sight falls on the points designated on the 
drawings for the different views, he will at once see the 
correct position of the surface as represented in each view. 


55, Surfaces Bounded by Curved Lines.—Surfaces 
that are defined by curved lines do not present any points 
from which to make projections. In making such _ pro- 
jections, the same principles are employed, however; but it 
is first necessary to establish a number of points at various 
positions on the curved lines. The points thus established 
are then projected in the same way as in the foregoing 
problems. When, for purposes of projection, points are 
located on the outline of a curved surface in any view, it 
should be observed that they are so placed that, when the 
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points thus located are projected to a line that represents 
an edge view of that surface, each end of that line is defined 
by the projection of a point. 


PROBLEM 8 


56. To project views of a plane surface defined by 
a curved line, the surface being in a rightly inclined 
position; also, to project a point located on that 
surface. : 

Notre.—Before making the projections of this problem, the lines to 
remain on the drawing for Problem 5 should be inked in, and, to avoid 
confusion, all other lines not to be inked in on that figure should be 
erased; the circle drawn for Problem 5 may then be redrawn for 
this problem. \ 

ConstTRucTION.—The surface for the projections of this 
problem is that of the circle to which the sides of the octa- 
gon in Problem 5 are tangent. After describing the circle, 
the next step is to locate points on its circumference. Do 
this by first drawing a vertical and a horizontal diameter, 
and then drawing, with the 45° triangle, two other diam- 
eters at right angles to each other, thus locating eight points 
at equal distances on the circumference. Those points 
indicated by the horizontal diameter will, when projected 
to the elevation, define the ends of the line in that view. 

Also, locate a point at the center of the circle. The plan 
and elevation of the surface thus projected is shown in 
Fig. 17, the points being denoted by numerals. Project 
these points to the elevation of Problem 5, using lines 
easily erased, since they are not to appear in that problem 
when the plate is finished. In the last space on the 
plate draw horizontal and vertical base lines in the same 
corresponding position as in the space for Problem 6. The 
line that represents the front elevation of the circular plane 
surface is then drawn in the same position as in the ele- 
vation in Problem 6; with the dividers, locate points 
thereon in the same position as the points projected 
from the circle to the front elevation in Problem 5, as 
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shown in Fig. 17. Project these points vertically to the 
plan and intersect these projectors with horizontal pro- 
jectors drawn from _ the 
circle in Problem 5. 

When projecting points 
across a drawing—as from 
the space occupied by Prob- 
lem 5 to the drawing for 
this problem — it is not 
necessary to draw lines the 
entire distance. By care- 
fully placing the edge of 
the T square on each point 
in turn, corresponding lines 
may be drawn across the 
plan in this problem. This 
saves erasing unnecessary lines, but care must be taken, 
when making projections in this way, to observe that points 
thus located are at the intersections of projectors drawn 
from points in corresponding positions in each of the views. 
Find the location of each point thus projected and through 
these points trace the curve that represents the foreshort- 
ened view of the circle, using the irregular curve for this 
purpose. Thus a plan and a front elévation of the circular 
plane surface is drawn, in which the surface is represented 
in.a rightly inclined position. 

Project the side elevation by the angular method of sec- 
ondary projectors, as previously explained, and designate 
the point in both views by a small dot at the center of the 
surface. Finally project.the full view by the arc method, 
asin Problem 7. In this problem a good test of accuracy 
is afforded if, after the nine points have been projected to 
the full view, a circle with a radius of $ inch, described from 
the central point, passes through the other eight points. 


, oe 
LZ & 4°65 


FIG. 17 


5%. Importance of Accuracy.—Next to a knowledge 
of the principles of projection, neatness and accuracy are 
the prime requisites in a drawing. The student should 
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carefully observe that, when the points determined by the 
intersection of lines are used as centers for arcs or circles, 
the needle point of the compasses should be placed exactly 
on that position; again, drawing three or more lines that 
shall intersect at the same point is very commonly required 
in projection drawing and in pattern drafting; this is not 
an easy thing to do accurately unless carefully practiced by 
the student. It is needless to state that unless the work is 
accurately done it is of no value. 

When putting in the figures for the dimensions on draw- 
ings, care should be observed that they are placed on those 
views in which the lines and surfaces are shown in their 
true length. Do not designate a foreshortened view of a 
line or surface by a dimension figure, when another view is 
given in which the true length is shown. Again, do not 
repeat the same dimension on different views of the same 
drawing; thus, in Problem 2, Case I, the length of the line 
is given as 2 inches in the plan, and it is obviously unneces- 
sary to give the same dimension in the front elevation. 

The student may ink in all the problems on the plates, 
but the letters used to describe the different positions and 
lines are not placed on the drawing. The date, name, and 
class letter and number are inscribed as in the plates of 
Geometrical Drawing. 


DRAWING PLATE, TITLE: PROJECTIONS II 


58. The problems for this and the succeeding plates 
should be practiced on other paper and then copied on the 
drawing that is to be sent in for correction. The student 
can thus judge better as to the relative position the figures 
should occupy and the completed plates will present a neat 
appearance. In making the projections on this and the 
succeeding plates, the views may be assumed to be 4 inch 
from their respective base lines, as this will enable the pro- 
jections to be kept in closer proximity. The base lines are 
not to be inked in on this or the following plates. Divide 
this plate by a central horizontal line; the part of the 
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drawing above this line is divided into three, and the part 
below the line into four, equal spaces. 


PROBLEM 9 


59. To project a side elevation and a full view 
of a rightly inclined plane surface defined by an 
irregular outline. 


This is a problem in which the student has an opportu- 
nity to use, in a practical way, the 
knowledge of projection thus far 
gained. The surface to be projected 
is shown in a rightly inclined position 
in Fig. 18, which is a foreshortened 
view of the surface. This figure is to 
be copied, in the size indicated by the 
dimension figures, into such a position 
in the upper left-hand space on the 
drawing that the projections when 
completed will occupy about the cen- 
ter of the space. 


ConsTRUCTION.—First draw the 
horizontal line A & 1% inches long and 
bisect it at o by the vertical line C D. Make oD } inch 
long and bisect it at x, as shown, making o C 1? inches 
long. Set the compasses at a radius of 14% inches, and 
with A and C, respectively, as centers, describe arcs inter- 
secting at e; with the same radius and with B and C as 
centers, describe arcs similarly intersecting at e’. From 
these centers (¢ and ¢’) describe the arcs A Cand! BC. 
thus producing the curved outline of the lower portion of 
the plan. Next, divide these arcs, by spacing, into six 
equal parts, thus locating the points 1, 2, 8, 4, and 6; 
from these points draw vertical lines, as shown in Fig. 18. 
Complete the upper outline of the surface as represented in 
the figure; thus, locate a at the intersection of the vertical 
from Z with a horizontal from A; d, at the intersection of 
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the vertical from 2 with a horizontal from D; f, in like 
manner, at the intersection of a vertical from 3 with a hori- 
zontal from x. 

The points at the extremities of these lines and those 
located on the curved outline are now to be treated as in 
former problems and the projections made in the usual way. 


Caution.—When making the projections for this prob- 
lem, the student must observe the precautions given in 
regard to the taking of the same corresponding points in 
each view. Project the side elevation first; it may be desir- 
able for the student to ink in that figure, in order to avoid 
the confusion arising from a number of lines crossing one 
another on the drawing. Use the angular method for the 
secondary projectors in projecting the side elevation and 
the arc method for the full view. Since it is often neces- 
sary, when developing patterns, to draw several views over 
one another in this way, the student should accustom him- 
self to drawings that have a complicated appearance from 
this cause, and should learn to follow each set of projectors 
as readily as though they were in separate drawings. 
During the construction of this projection, it will be noticed 
that the base line for the full view, in order to be drawn 
from the intersection of the other base lines, will fall below 
the front elevation of the surface. This is unimportant, how- 
"ever, since its purpose is the same, and the result is merely 
that of a slight appearance of crowding on the drawing. 


PROBLEM 10 
60. To project views of a plane surface in an 
obliquely inclined position. 


ExpLANATION.—A full view of the surface to be projected 
in this problem is shown in Fig. 19, the dimension figures 
giving the size in which it is to be drawn by the student. 
The upper portion of this surface is defined by a semicircle, 
the lower by one-half of an octagon. The purpose in 
selecting a surface of this outline is to give the student 
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some practice in the projection of both straight and curved 
outline surfaces. 

It has been shown that, before an inclined view of a 
surface was projected, a right view—i. e., a right plan 
and elevation, as in Problem 5—has first 
been drawn. These views alone are pro- 
jected in drawings of simple or plain 
a I» objects, it being obviously unnecessary to 

show any object in a working drawing in 

a position not commonly occupied. But 

bs owing to the different shapes of objects, 

Spas variously outlined surfaces are presented in 

a diversity of positions, and it is essential that the student 

should be capable of projecting any surface into any 

conceivable position and of drawing a full view from such a 
projection. 


A 


ConstTRucTION.—The method of drawing oblique views of 
surfaces is shown in detail at (@), (0), and (c), Fig. 20, the 


FIG, 20 


projections at (c) being the ones required for the plan and 
elevation of this problem. Lay a separate piece of paper 
over the drawing of Problem 9 on the plate, and reproduce 
thereon the projections shown at (a) and (4), Fig. 20, in 
accordance with principles already explained. Next, draw 
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the plan and elevation at (c) in their proper places on the 
plate. The drawing shown at (a) may be seen to be similar 
to that of Problem 5 of the preceding plate; (4) is projected 
directly from (a), in the same manner as Problem 6, the 
angle of inclination being 60°. The plan of this surface in 
(2) is then copied at (c) in such a position that the center 
line A B makes an angle of 60° with the base line of V P. 
This is accomplished by first drawing the center line A’ B’ 
at the given angle in (c), noting thereon the position of the 
points w’, x’, and y’; draw perpendiculars through these 
points, and make w’ a’ in (c) equal to wa in (4), x’ D' equal 
to xD, etc. The outline of the plan at (c), therefore, is 
exactly the same as it is shown in (0), the only difference 
between the two views being the fact that the line A’ B’ in (c) 
is inclined to VP, while in (4) it is perpendicular to that plane. 

Let us consider what changes have here been represented. 
~ Cut a piece of cardboard to the outline and size shown in 
Fig. 19 and compare it with the different positions in the 
drawings just made. It will be seen that the cardboard 
must be held in a horizontal position to coincide with the 
drawing at (2); to represent the drawing at (4), the point C 
must be raised until the line C D is at the angle of 60° 
with HP. The plan at (0) is, therefore, a foreshortened 
view of the surface, although its elevation may still be rep- 
resented by the single line C’ D’. Now turn the cardboard 
to the position indicated in (c), that is, so that the line A’ B’ 
makes an angle of 60° with V P. 

It will be seen that the line C Din its relation to H P is 
not affected by this change, its angle with H P remaining as 
before; therefore, the vertical distances to be shown in the 
elevation of (c) will be the same as in the elevation of (6), 
and may be projected directly to (c) from (4), as shown in 
Fig. 20. Draw horizontal projectors from the elevation 
at (0) to the elevation in (¢), intersecting them, in the man- 
ner shown, by primary projectors drawn vertically upwards 
from the points in the plan at (c). Trace the outline of the 
surface thus indicated through the intersections of project- 
ors drawn from corresponding points in each view. The 
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projections shown at (c) being completed on the plate, the 
paper on which (a) and (6) were drawn may now be 
removed and the side elevation required for the problem 
projected by the angular method previously described. 
Three views are thus shown, in all of which the surface is 
represented as inclined at an oblique angle to the lines of 
sight; all these views, therefore, are foreshortened. Oblique 
views may always be drawn in this manner; that is, a right 
view is first drawn; next, a rightly inclined view is pro- 
jected, the desired angle being represented in the elevation. 
The plan thus produced is then redrawn for the oblique 
view and its elevation projected as in this problem. 


61. Position of Full Views: How Determined. 
To project a full view of this surface it is first necessary to 
determine whether any of the lines or distances in any of 
the views are shown in their true length, but without hav- 
ing recourse to the projections made on the separate paper, 
since projection methods are to be used. This may be done 
by comparing the relative position of any two points in the 
outline of the surface, as located in the plan and elevation. 
If it is found that a line drawn between any two of these 
points in the elevation will be parallel to the base line (and 
therefore at right angles to the vertical lines of sight), that 
line will be shown, of course, in its true length on the plan. 
Any other lines parallel to it will also be shown in their 
true length. It is found on examination that points in the 
elevation corresponding to the positions represented by 
A and 4, Fig. 19, are located on the same horizontal pro- 
jector; therefore, a line drawn between these points as they 
are located on the plan will be represented in its true length 
in that view; and a view projected from these points in the 
plan by primary projectors drawn at right angles to this 
line, intersected by secondary projectors from the front 
elevation (by a modification of the method used in Prob- 
lem 7), will be a full view of the surface. 

Draw the oblique base line in the proper position, i. e., 
parallel to that line shown in full length in the plan (A B on 
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the plate), as above explained, and at such distance away 
from the plan as directed in the instructions for drawing 
this plate, producing the line indefinitely towards the upper 
portion of the drawing, as shown on the plateat EF In 
this case, the line thus drawn defines the inclination of the 
surface, since the angle is the same in both plan and eleva- 
tion, viz., 60°. The full view is projected as follows: Draw 
the line GH at right angles to the base line E / and 
from the intersection of & F with the horizontal base line. 
By the arc method, draw secondary projectors from the 
elevation, as shown; intersect these projectors by primary 
projectors drawn from the plan at right angles to & /, thus 
producing the full view of the surface. It will be found 
that this full view is an exact counterpart of the surface 
shown in Fig. 19, and should correspond to the preliminary 
drawing in the plan at (a) on the separate paper. Note 
that the portion of AY included between p and g cor- 
responds in length to that of the rightly inclined front 
elevation at (4), Fig. 20. This may be seen by comparing 
that portion of the line with the view on the preliminary 
drawing.* 

The student should now be able to recognize any view of 
a surface in any position; that is, he should be able to tell 
whether a view represents such a surface in a right position, 
a rightly inclined position, or an obliquely inclined position; 
and by the application of the principles illustrated in the 
foregoing problems and the exercise of a little judgment, 
he should be able to project any surface into any desired 
position. Or, being given a surface in a position indicated 
by a properly projected plan and elevation, he should be 
able to produce the full view and designate the angle of 
inclination. 

The following problem will serve as a test of his progress. 
The principles involved have already been presented and 
the method of application will be readily understood. The 


*It should be noted that this is the case only when the angle of 
inclination is the same in both views. 
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angle of inclination in the plan is not the same as 1s shown 
in the elevation; both angles are to be determined by pro- 
jection methods. : 


PROBLEM 11 


62. To project the full view of an irregularly 
outlined surface obliquely inclined. 


The projections of this problem are to occupy the upper 
right-hand space of the drawing plate. The plan and front 
elevation are shown in Fig. 21 and are reproduced full size 
on the sheet opposite this page.* The outline represented 
is frequently used as a ‘‘ stay,” or profile, to which mold- 

ings are formed in cornice work. Since 
the view shown is known to be obliquely 
ELEVATION. inclined, its dimensions are foreshort- 


real es ese +N ened, and their true lengths are to be 
found by projection methods, as fol- 
lows: 


ConstTrucTion.—The student should 
detach the sheet opposite this page and 
paste the plan and elevation in such 
a position in the third space on the plate 
that the base line 47 XN, Fig. 21, will 

Biome! be 24 inches below the top border line 
and exactly horizontal. Locate a number of points on the 
curved outline in the elevation, by equally spacing that 
portion of the figure with the dividers, as shown at J, 2, 8, 
and 4 in the drawing for this problem on the plate, and 
project these points to the plan. To ascertain the angle of 
inclination in the plan, draw a horizontal line through the 
widest portion of the figure in the elevation, locating, if 
possible, one end of the line at an angle of the surface—as 
the line AB. Project this line’ to» the plan at 4! 474s 
explained in Art. 613 parallel to this line erect the oblique 
base line C D. 


ax * This sheet is not inserted in the bound volume containing this 
aper. 
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The angle formed by these lines (A’ B’ and C D) with the 
horizontal base line is the angle of inclination of the surface 
to VP, or that angle shown inthe plan. The angle of incli- 
nation to H P, or that shown in the elevation, is most easily 
found by constructing a right-angled triangle whose base 
and altitude are equal to certain distances found in the plan 
and elevation; that is, the base is equal to the extreme width 
of the figure in the plan, taken at right angles to the line of 
inclination in that view (shown by the dimension V). The 
altitude is the vertical height shown in the elevation at J. 
Construct this right-angled triangle. on the horizontal base 
line extended, as shown at VV’ J7', and locate one end of the 
base at D, the intersection of the base lines. Extend the 
hypotenuse indefinitely towards the right of the drawing. 
Next, intersect primary projectors drawn from the plan to the 
oblique view by secondary projectors drawn from the eleva- 
tion by the arc method, as shown on the plate. The full 
view of the surface is then traced through the intersections 
of these projectors, completing the problem. 


63. Projection of Solids.—We now come to the pro- 
jection of solids, which, as before noted, are merely various 
combinations of surfaces. Projections of surfaces in a 
variety of positions having already been made, we shall 
encounter no new principles in the projection of solids, the 
surfaces of which are projected in the same manner as has 
been shown in preceding problems. 

Since lines intersect ina point, so surfaces intersect ina 
line, and in drawing projections of solids it is necessary only 
to find the true projections in any view, or set of views, of 
those lines that represent the correct intersections of the 
adjacent surfaces; this isa comparatively easy thing for the 
student to do, if he will use proper care and diligence in 
the application of the principles of the preceding problems. 


64. Projection of the Cube Illustrated.—Every solid 
consists of a number of surfaces, each of which is differ- 
ently shown when the solid is projected to the various views. 
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This is due to the fact that the observer is assumed to occupy 
a different position in each view of the solid thus projected. 
In certain positions some solids show one or more of their 
surfaces directly behind another surface of the same size and 
shape. This would be the case if the projections of the 
cube, referred to in Art. 18, were drawn as shown in Fig. 22. 
When the cube is ina right position—that is; with two sur- 
faces horizontal, and that surface nearest the observer ina 
side view in such position that the lines defining that surface 
will be at right angles to the lines of sight, as indicated in 
Fig. 22—it is evident that the surface parallel to and behind 


IW 


FIG, 22 


the front surface will be projected by the same lines of sight 
as the front surface. Therefore, in such a case, a projection 
of the front surface of the cube is equivalent to a projection 
of the entire cube. Each projection of the cube in the plan, 
front, and side elevations is a square, the sides of which are 
1 inch long, while the views are arranged, as shown in Fig. 23, 
in such a way as to appear related to one another. 


65. In ‘‘reading” the projections shown in Fig. 23, 
we merely compare the surfaces of the cube as they 
are shown in the different projections. Thus, the sur- 
face A BCD, Fig. 22, is represented in the plan of Fig. 23 


§ 16 PRACTICAL PROJECTION ‘57 


by the line A ZB, and in the front elevation by the line BC, 
while a full view of that surface is shown in the side 
elevation; so, in like manner, the position of each surface 
of the cube may be determined. Note that, in each full 
view, two — surfaces 
are), represented ;...thus, 
in the front elevation 
of Fig, 22, the; «surz 
facese eb GC. and 
ALHD are projected 
on VP as one surface 
ata Ov Se lentes thus 
shown that surfaces in 
their relation to one 
‘another, when combined 
in one view, as in the 
projection of a solid, 
partake of the same 
principle that has been 
shown in its application to points and lines, viz., surfaces 
whose outlines are contained in the same lines of sight in 
any view are projected in that view as one surface. 

The difference in position of the several views due to the 
use of first- and third-angle projection may easily be illus- 
trated in connection with Fig. 23. Here the cube is repre- 
sented as having been projected in the first angle. If the 
student will now turn the book ‘‘ upside down,” he will see 
the three views of the cube in the relative positions they 
would occupy were the drawing made by the third-angle 
method. It will be seen that the effect is merely that of 
rendering the plan uppermost on the drawing. The front 
elevation then is seen below the plan, while the side eleva- 
tion, as in first-angle projection, is at the side of the plan. 
In the case of a simple solid like the cube, the use of differ- 
ent angles of projection has but slight effect, but when a 
more complicated solid is represented on the drawing, it 
becomes necessary for the one that would ‘‘ read” the draw- 


ing to know which angle has been used by the draftsman. 
39—24 


Side Elevation 


Fic. 23 
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Note that in Fig. 23 the secondary projectors are 
described from £ as a center, the lines of the cube being 
used as base lines, as mentioned in Art. 39. When this 
short method is adopted in the case of secondary project- 
ors, the center from which they are described must be 
located at that intersection of the primary projectors near- 
est the two views between which secondary projectors are. 
drawn. A further illustration of this will be given in con- 
nection with a later drawing. 


66. Hidden Surfaces: How Indicated.—When the 
form of a solid is such that in any view a smaller surface is 
hidden by a larger, the smaller surface is not shown in that 
view, although frequently its outline may be defined by 
dotted linesonthe drawing. This applies also to projections 
in which two or more solids are shown in positions such that 
some of their surfaces are completely or partially hidden by 
other surfaces nearer the eye of the observer. Only such 
surfaces as receive the lines of sight directly from the eye of 
the observer are shown in a view by full lines, although, as 
mentioned above, the outline of such other surfaces as it 
may be desirable to show in a drawing may be indicated by 
dotted lines. 


6%. Facility in Reading Drawings Acquired Only 
by Practice.—The reading of working drawings is, there- 
fore, a comparatively easy matter, if the student will resolve 
each portion of the object represented into its respective 
surfaces and look for the various outlines as they are shown 
in the different projections. If this isfound a difficult task, 
the surfaces may be further resolved into lines and points, 
whose respective positions may then be located in each view 
shown.- It is not to be expected that the position of every 
surface in a complicated drawing will be seen by the beginner 
at a single glance—an expert seldom acquires such profi- 
ciency—but as ‘‘ practice makes perfect,” the student may 
easily accustom himself, by careful study of the various 
positions of the surfaces composing the solids that are 
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projected in the following problems, to the more or less 
complicated projections found in the various mechanical 
and architectural journals, in shop drawings, or in such 
other projection drawings as are within his reach. 


68. The Center Line.—It has been found convenient, 
when making projections of objects, to make use of a line 
that is imagined to pass through the central portion of the 
solid as it is shown in any plan and elevation. Such a line 
is called a center /ine, and in many projections it is inked in 
when the drawing is finished, since it frequently affords a 
convenient means of indicating certain positions of the fig- 
ure, besides assisting in the location of the several surfaces 
of the solid in the different views. This line, however, is 
central only in its relation to the object of which the draw- 
ing is a representation, and not in relation to the planes of 
projection. This may be better understood by considering 
the center line as the projection of an imaginary surface (or 
plane) that passes through the central portion of the figure. 
It is generally represented in those views only in which that 
imaginary surface can be shown in one line, or, as we have 
said before, as if ‘‘on edge.” Thus, in the right view pro- 
jected in Fig. 23, the lines ww and yz are center lines, rep- 
resented on the drawing by the broken-and-double-dotted 
lines shown in Fig. 23. The practical use of the center line 
will be illustrated in the succeeding problems by the pro- 
jection of solids into various positions. 


PROBLEM 12 


69. To draw the projection of a given solid, sey- 
eral positions being indicated. 


The solid for the projections of this problem is shown 
in perspective in Fig. 24. It is, as the figure shows,a pent- 
agonal prism; that is, a solid whose ends are pentagons and 
parallel to each other and whose sides are parallelograms. 
The dimensions are given in Fig. 24; three projections 
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are to be drawn, each showing the solid in a different 
position; each projection will be complete 
in a set of views consisting of a plan and 
front and side elevations. Each set of pro- 
jections is to occupy one of the remaining 
spaces on the plate, the prism being shown 
in the positions indicated by the following 
cases: 


Case I.—/n an upright position, the side 
nearest the observer being parallel toV P. 


The projections showing this position of 
the prism may be readily drawn by the 
student from the explanations and instructions already 
given. The plan, which is a pentagon with #-inch sides, 
should be drawn first, according to instructions given 
in Geometrical Drawing. Draw the center lines as in 
Fig. 23 and ink them in, completing the drawing as shown 
on the plate. All lines that represent the intersection 
of surfaces—i. e., the edges of the prism—and that intercept 
the lines of sight directly from the eye of the observer are 
to be represented by full lines on the drawing. All hidden 
edges are to be shown by dotted lines. 


FIG, 24 


Case II.—/n a horizontal position, the upper side being 
parallel toHP, and the ends of the prism parallel toVP in 
the side elevation. 


In this case, which differs from Case I only in the posi- 
tion of the prism, the side elevation should be drawn first. 
It may here be mentioned that, in drawing different views 
of objects in right positions, the question as to which view 
is drawn first is merely a matter of convenience, depending 
on the form of the object represented. Thus, in Case I 
the plan is drawn first; in this instance it is, however, more 
convenient to draw the side elevation first. In this drawing 
it is only in the plan and the side elevation that the center line 
can be shown, since an edge view of the plane represented 
would not be given in the front elevation. 
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Case Ill.—/n a@ rightly inclined position, the angle of 
inclination of the center line (and consequently of the prism) 
toHP being 75°. 


EXPLANATION.—The sides of the prism are in the same 
relative position to VP in the front elevation as in Case I. 
(See the plate.) The projection of solids to inclined posi- 
tions is accomplished in the same manner as the projection 
of surfaces to similar positions in preceding problems. 
Practical use may be made of the center line in this drawing; 
this line may be shown in the front elevation, but cannot 
be continued to the plan from that view, since it is clear 
that its true position may not be shown there in one line. 


ConstrucTion.—First draw the line wz in that part of 
the space devoted to the front elevation and at an angle 
of 75° to the base line. The line w vis the center line of the 
front elevation. Next, copy the front elevation of Case I in 
the same relative position on this line, thus producing the 
rightly inclined front elevation. Draw primary projectors 
vertically downwards from all points of this front elevation, 
and intersect them with horizontal primary projectors drawn 
from the plan of Case I, in the same manner as the plan of 
Problem 6 on the preceding plate was produced. Next, 
draw the outline of the plan by connecting the intersections 
of projectors that have been drawn from corresponding 
points in each of the two views. Project the side elevation 
by means of secondary projectors described from the inter- 
section of the upper and right-hand primary projectors, that 
is, at O on the plate (see Art. 65). When drawing second- 
ary projectors for solids whose surfaces do not extend to 
the outer primary projectors in the adjacent views, note 
that the primary projector must be produced as at Oy 
and Oz. 


Case IV.—/n an obliquely inclined position, with the center 
line at an angle of 45° toNP and 15° to HP, the upper side 
being in such a position that a full new will be shown of its 
upper and lower edges. 
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ExpLaNnation.—As in Problem 10, where a surface was 
projected to an obliquely inclined position, so in this prob- 
lem some preliminary work must be done on another piece 
of paper. These preliminary projections are shown in 
Fig. 25, of which (a) is the right plan and elevation and (0) 
is the rightly inclined drawing. 


CoNSTRUCTION.—On a separate piece of paper construct 
the projections shown at (@), Fig. 25; copy the elevation 
produced at (a) in such a position at (4) that the angle of 
the center line zw x is 15° to HP, as required by the condi- 
tions of the problem. Next, project the plan in (0) from 
the plan of (a), in connection with the elevation of (0), as 
indicated by the primary projectors drawn from these views. 
Redraw the plan of (0) at (c) and give its center line yz 


(c) 


FIG. 25 


the required angle of 45° to VP. Next, produce the eleva- 
tion in (c) by drawing primary projectors from the elevation 
in (6) and intersecting them by primary projectors drawn 
from corresponding points in the plan in (c). These opera- 
tions are precisely similar to those used in producing the 
obliquely inclined views of the surface in Problem 10; and 
if the extra piece of paper is laid over the drawing in such a 
manner as to leave the lower right-hand space exposed, the 
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drawings shown in Fig. 25 at (c) may be projected directly 
to their proper position, thus producing the plan and front 
elevation required. The side elevation is then projected by 
means of secondary projectors described from the center O, 
as shown on the plate. It is thus shown that oblique views 
of solids are projected by the same methods as those used in 
the case of surfaces. 


Norr.—The appearance of this plate will be improved if the base 
line of the front elevation of this case is placed $ inch higher than in 
the preceding cases. 

70. The Axial Line.—In views such as are projected 
in this drawing—1i. e., obliquely inclined views—the center 
line, as the representation of the central plane of the figure, 
can be shown only in the plan; that is, in the position of 
the solid shown in thiscase. The position of the solid might 
be such that the center line would be shown in one of the 
elevations, or possibly not in any right view. However, it 
is sometimes represented in drawings merely as a central 
line, and not asthe representation of acentral plane; it may 
in such cases be projected to the other views by means of 
points located at convenient distanceson theline. It is then 
called an axial line, or line of axis, and represents the posi- 
tion of the axis of the solid. It is not projected inthe cases 
of the preceding problem, since the figure is not of sucha 
form as to demand the location of an axial line. The axial 
line is similar in its use to the center line and is represented 
on drawings by the same kind of a broken-and-dotted line. 

In order to avoid confusion, the center and axial lines are 
usually indicated by small lettering placed conveniently 
near one end of the lines; thus, ‘‘ center line” or ‘‘ axial line.” 


DRAWING PLATE, TITLE: PROJECTIONS III 


91. Three problems are to be drawn on this plate, each 
of which will require two sets of projections. Like the pro- 
jections of Problem 12, they consist of a plan and front and 
side elevations. Each set of projections occupies one space 
onthe drawing, and the plate is divided into six equal spaces 
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by a single horizontal and two vertical lines. The different 
cases of each problem are drawn in the same vertical divi- 
sion; thus, Case I of Problem 13 occupies the upper left-hand 
space and Case II of the same problem is directly under it. 
Cases I and II of the other two problems on the plate are to 
be placed in the same way in the remaining spaces. 


PROBLEM 13 
72. To draw the projections of a cylinder. 


The method of projection used in thecase of surfaces 
having curved outlines has been shown in a preceding 
problem. Two such surfaces are presented in the ends of 
the cylinder shown in perspective in Fig. 26, and the fig- 
ure also gives the dimensions of the 
solid as it is to be drawn on the plate. 
Since, with the exception of those at 
the intersection of the ends, there are 
no edges formed by the curved sides of 
the cylinder, there will be no full lines 
on the drawing except those required 
to show the ends in their different 
positions and the outline of the sides. 
A front elevation of the cylinder in the 
right position indicated by Fig. 26 is 
therefore a parallelogram, the length 
of whose horizontal sides is equal to the diameter of the 
circular surfaces at the ends of the cylinder—the vertical 
sides equal in length to the height of the cylinder. Its entire 
dimensions and its form are indicated in a plan and front 
elevation, and there is no need of making any further draw- 
ings to enable the mechanic to understand the shape of the 
solid thus represented. 


FIG. 26 


Case I.— When the cylinder ts rightly inclined. 


ExpLaNnaTion.—In this drawing the cylinder is inclined at 
an angle of 60° toH P. Rightly inclined views of solids are 
often drawn by a method somewhat shorter than that shown 
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in preceding problems. By this method, temporary views 
are drawn in convenient positions on the paper and rightly 
inclined views are projected, as shown in this case. Less space 
is required for the drawing and a saving of time is effected; 
the principles involved, as will be seen from the following con- 
struction, are identical with those of the preceding problem. 


ConsTRucTIon.—First draw the center line in the eleva- 
tion at the given angle—as A Bin the drawing on the plate. 
Describe the circle shown at (#), which represents a full 
view of the end of the cylinder; next, draw the front eleva- 
tion C D E& F on the center line A B according tothe given 
dimensions. Describe a circle similar to (#) at (z); thisis a 
temporary view of the end of the cylinder and corresponds 
to the plan of the prism at (a), Fig. 25. Locate a conve- 
nient number of points at equal distances on the outline of 
each full view thus drawn at (7) and(z). Project the points 
of (7) to the elevation C D E F, and thence draw primary 
projectors vertically downwards; intersect these primary 
projectors by other primary projectors drawn horizontally 
from similar points located on the outline of the full view 
at (z). Trace the outline of the plan thus produced through 
points of intersection corresponding to those on the full 
views. The temporary full views (7) and (7) may then be 
erased from the plate. Project the side elevation by means 
of secondary projectors described by the arc method, thus 
completing the drawing. 


Case I1.— When the cylinder ts obliquely inclined. 


ExpLANATION.—The method of projecting the drawings 
required for this case is similar to that already given for 
oblique .views of surfaces and solids, and has been fully 
explained in Art. 60, and also in connection with Case IV of 
Problem 12. A right view is first drawn [as the elevation 
and full view (m) of the preceding case]; next, a rightly 
inclined view. The rightly inclined plan thus *drawn is 
then recopied at the given angle, thus producing the plan of 
the oblique view; from this plan, in connection with the 
rightly inclined elevation, the obliquely inclined elevation 
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is projected. The rightly inclined plan and elevation 
having been drawn in Case I of this problem, the plan there 
shown may be redrawn for the plan of this case. 


ConsTRUCTION.—On a separate piece of paper reproduce 
the plan. and front elevation of Case I and fasten this paper 
by thumbtacks to the drawing board, towards the left of the 
space used for this case. Next, redraw the plan of Case I 
in its proper place on the plate for this case, and in such a 
position that the line G H of Case I forms an angle of 60° 
with the base line of the front elevation, as shown at G’ #’ 
on the plate. Then produce the front elevation by drawing 
primary projectors upwards from the plan and intersecting 
them by similar projectors drawn horizontally from the 
rightly inclined elevation on the attached sheet, which may 
then be removed. Trace curves through the points thus 
projected and draw the tangential lines, as_ previously 
described and as shown at C’ D’ F’ EF’ on the plate. Project 
the side elevation as in preceding problems, taking special 
care to project from similar points in each view. 


PROBLEM 14 


73. Todraw the projections of a hexagonal pyramid. 


A pyramid is a solid whose base is a polygon and whose 
sides are triangles uniting at a common point called the 
vertex. The pyramid for the projec- 
tions of this problem is shown in 
Fig. 27, where its dimensions are clearly 
indicated. Since these drawings are 
very easy and are constructed in a man- 
ner similar to those of preceding prob- 
lems, definite instructions are omitted, 
and the student is expected to be able 
4 to complete the drawings by the aid of 
; the brief explanations that follow. 


Case I1.—When the pyramid ts in a 
right position. 
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EXpLANATION.—The plan of this projection is most con- 
veniently drawn first, a circle 12 inches in diameter being 
described from O as a center, as shown on the plate. The 
edges of the pyramid are then drawn: a horizontal diameter 
and two diameters at angles of 60° with the first repre- 
sent the upright edges; chords of the arcs thus designated 
are then drawn, and the plan of the pyramid is complete. 
Next draw the center lines Ad Band C D; set off the height 
of the pyramid on the line A B and complete the front ele- 
vation by the aid of primary projectors, as shown on the 
plate, the side elevation being projected as in former 
problems. 


Case Il.—When the pyramid is in an obliquely inclined 
postition. 


EXxPLANATION.—The angles of inclination in the projec- 
tions of this case are 60° to H Pand 45° toVP. Preliminary 


Fic, 28 


drawings are required on separate paper, as shown in Fig. 28, 
first, as at (2), showing a right view of the pyramid; and 
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second, as at (4), showing a rightly inclined view, the angle 
of inclination (of the center line) being 60° to HP. The 
plan produced at (4) is then copied on the plate in such a 
Bee that its axial line will make the required angle, 

, 45° to VP, as shown by the line w x at (c), Fig. 28. 
The front elevation is then projected as in Case II of the 
preceding problem, that is, by vertical primary projectors 
drawn from the plan in (c), intersected by horizontal pri- 
mary projectors drawn from the elevation in (0). The pro- 
‘jection of the side elevation by the arc method of secondary 
projectors is also similar to the preceding projections, as 
will be seen from an inspection of the plate. 


PROBLEM 15 


44. To draw the projections of a cone. 


The cone is a solid that may be produced by the revolution 
of aright-angled triangle around one of its sides as an axis. _ 
Its base, therefore, is a circle, and its curved surface tapers 
uniformly towards a point at the top called the vertex, or 
apex. Like the cylinder, its entire form and dimensions 
are presented in a plan and asingle elevation showing a right 
view of the cone. The cone for the projections of this prob- 
lem is shown in perspective in Fig. 29, which gives the 
dimensions that the cone is to present on the plate. The 
methods used are precisely similar to those used in the case 
of the hexagonal pyramid in the preceding problem. 


Case I.—/n a rightly inclined position. 


ExpLANATION.—In order to produce the rightly inclined 
front elevation, a construction similar to that used in Case I 
of Problem 13 is here used. The drawing differs from that 
projection only in the form of the solid. The angle of 
inclination in this case is 50° to H P. 


Construction.—Draw the center line A B (see the plate) 
at the given angle, that is, 50° to the horizontal. Next, 
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construct the triangle representing 
the elevation of the cone and describe 
the circle at (#)—a temporary full 
view of the base. Describe a similar 
circle at (7), also a full view of the 
base, and locate a convenient number 
of points on the outline of each full 
view—in this case eight—as shown at 
a, 6, c, etc., onthe plate. Project the 
rightly inclined plan in a manner pre- 
cisely similar to that used in the view 
of the cylinder in Case I of Prob- 
lem 13. Erase the temporary views (7) and (x), and pro- 
ject the side elevation as in preceding projections. 


Case I1.—/n an obliquely inclined position. 


EXxpLANATION.—The angle of inclination toH P is the same 
as in the drawing last made, and the plan of that projection 
may be recopied for the plan of this case, but it is to be 
drawn on the plate in such a position that the center line w x 
will make anangle of 45°to VP. The plan and front eleva- 
tion of the preceding case must be redrawn on separate 
paper and temporarily fastened over the drawing towards 
the left of the space required for this case, in order that the 
projection of the front elevation may be drawn. As this 
process is similar to that used in preceding constructions, no 
further explanation will be given. Complete the projections 
in the plan, front, and side elevations as shown on the plate. 


Nore.—When inclined views are drawn of solids having curved 
surfaces (as the cylinder and the cone), the circular ends should first 
be projected. The outline of the curved surface is then represented 
as tangent to the base, or bases, of the solid, and without regard to the 
intersection of such outline with any given point on the base outline. 

%5. Self-Reliance.—The student that has intelligently 
completed the projections of the foregoing problems and 
has made frequent use of the imaginative feature of this 
subject, as previously explained and directed, should now 
possess a very complete knowledge of the methods of pro- 


jection used in representing plain solids in various positions. 
jecti Pp gP : P 
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The projection of irregularly outlined figures has not been 
presented, since the methods are identical with those 
already shown. The student should acquire a degree of 
self-reliance in this work; for if he is to depend on having 
the projection of every conceivable form described for him, 
the principles governing those projections will become a 
secondary matter, whereas the practical draftsman requires, 
above all else, the faculty of recognizing the principles by 
which to define and project the various forms occurring in 
the course of his work. 


Notre.—The student should understand that the percentage of 
marking adopted for these plates is based on the degree of accu- 
racy in which the projections are drawn to the angles of inclina- 
tion, as well as on the qnality of neatness attained in the finish of the 
drawings. 


DRAWING PLATE, TITLE: SECTIONS I 


476. Use of Section Drawings.—A section drawing, 
as previously explained, is a projection of a portion of a 
solid, in a view where the solid is intersected by a plane. 
This plane—sometimes called a cutting plane—may pass 
through the solid in any direction; that portion of the solid 
between the plane and the observer is assumed to have been 
removed. Section drawings are useful in many ways, for by 
such means the construction of interior parts of objects 
may be shown. It is desirable in many cases to show 
some particular form that a solid of peculiar shape pos- 
sesses at a place where it cannot be presented in an 
exterior view, and in such cases sections are projected. 
The section is considered simply as a surface that would 
appear on the cutting plane in any view of the object pro- 
jected. The outline of this surface, therefore, will depend on 
the form of the object, the number of surfaces intersected by 
the plane, and the angle of inclination of the cutting plane. » 

To project the views of a solid in which a new surface is 
thus presented, it is necessary to consider the various sur- 
faces that originally composed the solid. The first view 
drawn is always that in which the cutting plane is repre- 
sented as on edge. The intersections of the original surfaces 
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of the solid with the cutting plane are thus shown; and 
by using methods of projection already presented, any view 
of the section may then be drawn. Those portions of 
the solid assumed to have been removed are not shown in a 
section drawing, although their position is sometimes indi- 
cated by dotted lines. 


7%. Sections of the Sphere.—The solid that presents 
the most simple illustrations of sections is the sphere, or globe. 
This solid, also called a da//, is such as would be generated by 
the revolution of a circle around its diameter as an axis. 

The cylinder, cone, and sphere are sometimes called the 
‘*three round bodies,” or the solids of revolution. It will be 
shown later that their imaginary formation by such revolution 
may be taken advantage of by practical short methods of pro- 
jection, the principles of which are based on this knowledge. 

A full view of any section of a sphere isacircle. If the 
cutting plane passes through the center of the sphere, the 
full view of the section isa circle whose diameter is the same 
as the diameter of the sphere—or the great circle of the 
sphere, as it is called. Ifthe cutting plane intersects the 
sphere in any other way, the section is still a circle, but of 
smaller diameter, and is measured from a view in which 
the cutting plane is shown on edge. 


478. Sections of the Cube.—Fig. 30 is a projection 
drawing of the cube 
referred to in for- 
mer illustrations 
and shows a vertical 
section. It will be 
noticed that the 
view of the section 
in the elevation is 
the same as the 
view in the front 
elevation in Fig. 23. 
This is always the 
case in sections 
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of regular prisms where the cutting plane is parallel to 
the ends of the prism. Fig. 31 represents a diagonal 
section of the cube, the measurements of which will be 
apparent to the student from an inspection of -the drawing. 
Fig. 32 is an oblique section, in which but three sides of the 
cube are intersected by the cutting plane; in this figure, 
the full view of the sectional surface is projected. Fig. 33 
represents a section taken at a still different angle and posi- 
tion of the cube. When a cutting plane passes through a solid 
having parallel sides, in any adtrection that causes tt to inter- 
sect both of those parallel sides, those sides are shown in any 


view by parallel lines. Note that in the sectional views of 
Fig. 33 the opposite edges of the surfaces are defined by 
parallel lines; thus, since A & and C D are parallel to each 
other in the plan of the cube in Fig. 33, so A’ B’ and C' D’ 
are in the same relation to each other in the side elevation; 
also, A” B' and C” D" in the full view of the section. The 
same is also true of AC and BD, as may be seen from a 
comparison of the views. 


479. How the Cutting Plane Is Represented.—When 
the cutting plane is shown on edge in a view, it is 
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usually indicated by the same kind of a broken-and-double- 
dotted line used for the center line and the axial line. The 
use of this line for these three purposes is somewhat puzzling 
to the beginner; but as the student is now able to read pro- 
jection drawings, he can readily determine which purpose 
the line is intended to serve. It is customary, however, as 
already mentioned, when center and axial lines are used, to 
mark them as such by neat lettering. A section line in a 
complicated drawing is usually designated by a letter placed 


at each end of the line, to which reference is made in the 
following manner: If, in the view where the cutting plane 
appears as a line, it is lettered A-B, the full view of the 
section is designated as a ‘‘section on the line A-B.” 


80. The problems for this plate, of which there are 
four, consist of the projection of the section drawings 
indicated in the accompanying illustrations. They are to be 
reproduced on the plate by the student to the dimensions 

39—25 
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given on each figure. The cutting plane is indicated by the 
line A—B, and the views shown may be understood by a care- 
ful study of the figures on the plate illustrating each problem. 
The direction of a certain line in each plan is changed in these 
views, and the cross-section is accordingly represented as 
foreshortened in the front and side elevations. A view is 
also to be projected in which a full view of the sectional 
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FIG. 33 


surface will be seen. The plate is to be divided into four 
equal spaces by horizontal and vertical lines. Problem 16 
is to occupy the upper left-hand space. 

The student is recommended not to refer to the reduced 
copy of the plate more frequently than is necessary to enable 
him to fix the location of the views on the drawing; he should 
learn to depend on his own knowledge of projection. 
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PROBLEM 16 

81. To project sectional views of an octagonal 
prism, the cutting plane crossing the solid at an 
oblique angle and leaving a portion of the upper 
surface intact. 

EXxpLANATION.—The position of the prism and the angle of 
the cutting plane is shown in Fig. 34. This figure is to be 
drawn, as at (a) in the left-hand portion of the space, to the 
size required by the dimension figures, The plan is then 
copied to the right, as at (0), but in a relatively different 
position, as will be seen by the arrangement of the letters 
and the direction of the line CD. Thus, the edge a, which 
in the plan of (@) is on the extreme left of the figure, occu- 
pies a position nearer the lower part of the drawing in the 
plan at (4). This shifting of position of the plan may be 
effected by describing circles circumscribing the octagons 
and drawing the diameter CD at an angle of 30° to V P, as 
shown in the plan at (a). This diameter is then drawn in 
a vertical position in the second pian (6), after which the 
are. as measured onthe first, 
may be set off with the dividers on 
the second, plan. The projections 
of the front and side elevations are 
then made in the regularway. The 
projection of the full view is accom- 
plished by drawing projectors at right 
angles to the cutting plane d 5. At 
a convenient distance, as shown 
at (c), draw the center line a” 7", and 
from this line set off with the dividers 
the distances from the line ae as 
found in the first plan. As similar 
positions have corresponding letters 
in the different views on the plate, 
the student will have no difficulty in 
recognizing the method of transfer, 
it being the same as that mentioned 
in Art. 53. Observe that the sides of the section 0’ c’ and 


FIG. 34 
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g'o',andé"c" and g" o”, are parallel in every view shown, 
since the sides dc and go(/) are parallel, as shown in the 
plan of the solid. The same is true of 4g andco (@), as seen 
athe” and co’ ini (c)r{see Arts 38), 

The student will finish the drawing on the plate in as 
complete a manner as in the drawing of the cube in Fig. 30, 
but omitting all reference letters. The surface of all sec- 
tions in each view is to be cross-hatched, as in Figs. 30-33. 


PROBLEM 17 


82. To project sectional views of a hexagonal 
pyramid. 


The dimensions and position of the 
| pyramid and the angle of the cutting 


| plane are indicated in Fig. 35. Any sec- 
A 


tion of a pyramid taken at right angles 

to the axis of the solid is a polygon 

having an outline similar to the base 

of the pyramid. The polygon repre- 

senting the section of any pyramid 

i thus intersected varies in size as the 

cutting plane passes through the 

pyramid at a point on the axis nearer 

the base or the vertex of the pyra- 

mid. If the cutting plane passes 

through the vertex and the base, 

or through two sides and the base of 

the pyramid, the section is a triangle. 

Fic. 35 Any other section is a polygon having 

sides unequal in length, but equal in number to the sides of 
the polygon forming the base of the pyramid. 


ExpLANATION.—The projections of this solid and its sec- 
tions do not differ materially from those of the preceding 
problem. Thechange of position in the two plans is accom- 
plished by means of the circumscribing circle, the diameter 
in the first plan being drawn at an angle of 45° and the 


§ 16 PRACTICAL PROJECTION ties 


arc C a being measured ina similar manner. This drawing 

may be more accurately made if the edges of the pyramid 

are continued by dotted lines to the vertex O in the front 

elevations, as shown on the plate. A comparison of the 

reference lettersin the different views on the plate will assist 

the student in the work of drawing these projections, as each 
»line shown is similarly lettered in all views. 


PROBLEM 18 


83. To project sectional views of a cylinder. 


The cylinder possesses some points of similarity to the 
regular prism with respect to its section, viz., a section par- 
allel to its ends has the same outline 
as the ends, while a section parallel 
to its axis is a parallelogram. An 
oblique section of the cylinder is, how- 
ever, as will be observed during the 
projection of this problem, an ellipse; 
and it will further be noted that a 
certain view of an ellipse is a circle. 


EXPLANATION.—The position of 
the cylinder and the angle of the 
cutting plane is shown in Fig. 36. 
Make the edge a—a’ of the elevation 
at (2) inch long. The plan of the 
cylinder is first divided into an equal 
number of spaces (in this case 12), 
the points being lettered a, 0, c, etc., 
as shown on the plate. These points 
are then assumed to represent edges, as in the case of 
the octagonal prism, and are projected to the elevation, 
their respective positions there being indicated by similar 
letters; thus, the edge a—a’ in the elevation represents the 
edge a as shown on the plan. The change of position in 
the second plan is effected by drawing the vertical diam- 
eter / f, which is shown as C J in the first plan at an angle 
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of 30° to VP. The position of all points is then noted in a 
manner similar to the two preceding problems and the pro- 
jections are completed as heretofore. After tracing the 
curve of the ellipses through the points located in the differ- 
ent views, the sections are indicated by cross-section lines, 
as before directed. 


PROBLEM 19 


84. To project views of an irregularly formed 
solid; also, to project a sectional view from a given 
cutting plane. 


ExpLaNATION.—This solid, shown in perspective in Fig. 37, 
may be described as a transition piece, that is, a form used 
to connect openings or outlines unlike in shape. Such 
solids are frequently used in the sheet-metal trades, 
particularly in boiler and pipework. The dimensions of 
this solid are better shown in the projection at Fig. 38. 
Its upper base isa circle 14 inches in diameter, while the 
lower base is an oval, which 
may be drawn by the method 
shown in Geometrical Draw- 
tig “The end circle, or =the 
lower base is described with 
a radius of 1 inch from a cen- 
ter located at B, Fig. 38, the 


FIG. 37 FIG. 88 


distance between the centers of the upper and lower bases, 
as measured on the plan between 4 and 4, Fig. 38, being 
ginch. The vertical height of the solid is 14 inches. 
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The plan and front and side elevations are drawn as 
shown on the plate, and since the methods of projection 
are no different from preceding problems representing 
regular solids, definite instructions for this work are 
omitted. Particular attention is directed to the method 
of finding the outline of the section, as its application to 
various processes of patterncutting is of great importance. 
The direction of the cutting plane is shown in the side 
elevation at (a) by the line A B on the plate. The plan 
and elevation is to be redrawn on the plate in the position 
shown thereon at (4), and the full view of the section is 
projected towards the upper part of the drawing. As it is 
desired to show a section through a certain portion of this 
solid, it is first necessary to locate a number of points on 
the line that represents the cutting plane. Since the solid 
presents no edges that intersect this plane, a number of lines 
are to be assumed as drawn on the curved surface of the solid. 


ConsTRucTION.—First draw a horizontal line through the 
central portion of the plan, as mm in the drawing on the 
plate; this divides the figure into symmetrical halves. 
Next, by spacing, divide the outline of each base into the 
same number of equal parts, as at a, 0, c, etc. on the upper 
base and 7, g, 7, etc. on the lower base. Project the points 
thus located to the elevation and draw connecting lines in 
both views, as shown. Across the elevation draw the line CD, 
representing the cutting plane, and project the intersections 
of this line at 1, 2, 3, etc. to the plan, producing each line 
thus drawn until it meets the horizontal line # x. The full 
view of the sectional surface may now be drawn as follows: 
Draw projectors vertically upwards from the points Z, 2, 8, 
etc. in the elevation, and at a convenient height from that 
view draw the horizontal line #’ m'. The width of the sur- 
face, as measured on each line, may now be set off with the 
dividers, as directed in Art. 53; thus, take the space x y 
from the plan and transfer it to corresponding positions 
at xz’ y' x’ on the same line in the full view. ‘Transfer, in 
like manner, the length of each vertical dotted line shown 
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in the plan to the full view and trace an irregular curve 
through the points thus located, completing the projection. 
This curve may also be traced through the plan and there 
indicated by short cross-hatching, while the full view of the 
sectional surface is designated, as heretofore, by cross-sec- 
tion lines in the manner shown on the plate. 


85. Practical Method of Representing Certain Sec- 
tions.—In working drawings, particularly those made for 


Fic. 39 


the execution of sheet-metal work, a section drawing is 
often made directly over another view, and the lines indi- 
cating the section are distinguished by short cross-hatching, 
as Shown on the plate in the plan of the preceding problem. 
Short portions of sectional views are also frequently shown 
in this way on working drawings, in order to indicate the 


form, or profile, of moldings, the different planes of adjacent 
surfaces, or the different levels at which certain notations 
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are made. Thus, in Fig. 39, which shows a gable finish, 
the section at 4 is the profile, or ‘‘stay,” of the molding, 
while the section at B indicates that the panel shown isa 
sunk panel. 

In detail drawings (mere projections drawn full size) for 
decorative sheet-metal work, sections are frequently shown 
at different portions of the drawing, as in Fig. 40, an 
inspection of which will enable the student fully to compre- 
hend the character of the various parts without the aid of 
another view. Sections, therefore, properly understood and 
used, may be employed by the draftsman in many ways, 
and are frequently a means of shortening the 
labor of drawing intricate projections. 

The lines representing the sides of the 
octagonal shaft in Fig. 41 are broken in the 
lower part of the figure, this being a means 
of indicating that the full length is not shown | 
in the drawing. Reference to the dimension : 
figures gives the reason, it being obviously 
unnecessary to make a drawing extending 
the full length of a simple form. 


DRAWING PLATE, TITLE: 
SECTIONS II 


86. Conic Sections.—The divisions on 
this plate are the same as on the preceding 
plate. The two problems to be constructed 
are those relating to sections of the cone. Besides their 
use in many calculations of the arts and higher sciences, 
conic sections are of great value to the architectural and 
mechanical draftsman, for the curves thus developed pos- 
sess great beauty and symmetry, and when used in 
moldings present pleasing architectural effects of light and 
shade. 

The full view of the section of a regular cone made by a 
cutting plane parallel to its base is a circle; if the cutting 
plane passes through the vertex and the base of the cone, 
the section is a ¢rzangle; if the cutting plane is at an 
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oblique angle to the base, which angle is less than the angle 
made by the elements of the cone with the base, the section 
is an ellipse; if the cutting plane is parallel to any line 
drawn on the convex surface of the cone from the base to 
the vertex—that is, parallel to any element of the cone—the 
section is a parabola; if the cutting plane is at any angle 
(but not passing through the vertex of the cone) greater 
than the angle which the elements of the cone make with 
the base, the section is an hyperbola. 


8%. Elements of the Cone.—In the construction of 
Problem 19, where it was desired to project a section of a 
solid whose curved surface presented no edges, it was found 
necessary to assume lines on that surface in order to 
establish points of intersection with the cutting plane. 
This process must be followed 
with all solids whose surfaces are 
curved, and in the case of the 
cone the lines thus assumed have 
a further use, as will appear later. 
The manner in which these lines 
are located on the surface of the 
regular cone is of special impor- 
tance and is as follows: The out- 


divided by spacing it intoa number 
of equal parts (16 in the plan of 
Fig. 42). The points thus located 
are then projected to a view in 
which the cone is represented as in 
the elevation of Fig. 42—that is, a 
right view—and lines are then 
{| drawn from these points to the 
oe vertex. They are also shown on 
the plan in the same _ relation, 
Fic. 42 each line being represented as a 
radius of the circle at the base of the cone. These lines are 
called the elements of the cone. 
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In such a view of a cone as presented in the elevation of 
Fig. 42, only two of these elements (viz., 4 B and AC) can 
be shown in their true length—all the others are foreshort- 
ened. This must be borne in mind by the student, for it 
is evident that only on such lines as are shown in their true 
length can measurements be obtained for any points of 
intersection. Those points that are located on foreshort- 
ened elements are determined in a particular way, as will 
appear during the construction of the following problem. 

The plan and front and side elevations and the full view 
of the section for each problem and case are to be drawn 
on this plate in the same corresponding relation as on the 
preceding plate. 


PROBLEM 20 
88. To project sectional views of a cone. 


The three cases of this problem should be carefully stud- 
ied by the student, for on the application of the principles 
here shown depend nearly all operations of pattern drafting 
that relate to so-called flaring work. A clear conception of 
the methods used will be found indispensable to the drafts- 
man that desires to become proficient in his work. An 
effort should be made on the part of the student to trace 
each operation to its fundamental principle, when it will be 
discovered that the drawing practically resolves itself into 
a continuation of problems relating to the true lengths of 
foreshortened lines. Since such problems have occupied 
his attention during the drawing of the earlier plates, he 
should have no difficulty in following the constructions here 
given. 


Case I.—When the cutting plane is oblique to the base 
and intersects all the elements of the cone. 

The position of the cone, its dimensions, and the angle of 
the cutting plane are shown in Fig. 42. 


ConsTRUCTION.—Draw a right plan and elevation and 
represent the cutting plane mx (see plate) by a line drawn 
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at an angle of 45° with BC, cutting A B 4 inch from BZ. 
Divide the circle that represents the outline of the base of 
the cone into any convenient number of equal parts (in this 
case 16). Draw lines from these points (4, 1, 2, 8, etc.) to 
the center; next, project these lines—or elements, as they 
are called—to the elevation. Project the intersections of 
the elements in the elevation with the cutting plane mx 
to the corresponding elements in the plan and trace a curve 
through the points thus obtained. 

Attention is called to the fact that, although the distances 
between the points found in this manner are unequal, yet 
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the foreshortened view of the sectional surface thus shown 
in the plan is a true ellipse, as is also the full view of the 
section next to be drawn. Project a side elevation to the 
right (see Art. 61), also showing a foreshortened view of 
the section—an ellipse of a different curvature. 


Case Il.—IWhen the cutting plane is parallel to one of the 
elements, the section being tn this case a parabola. 
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EXPLANATION.—Fig. 43 is a right plan and elevation, 
giving the dimensions of the cone. The cutting plane mn 
is in this case parallel to the side AB of the cone and 
cuts BC 3 inch from B. The method of drawing these pro- 
jections is precisely similar to that in the preceding case. 
and since corresponding points are similarly designated in 
the different views shown on the plate, the student should 
experience no difficulty in completing the drawing. 


Case II.— When the cutting plane is perpendicular to the 
base of the cone, the section being an hyperbola. 


EXPLANATION.—To produce that section of the cone 
known as the hyperbola, the cutting plane may form with 
the base any angle included between a right angle and the 
angle formed by anelement with the base (asthe angle A BC, 
Fig. 44). The dimensions and position of the cone and 
the cutting plane are shown in Fig. 44, and since the 
method of projection is the same as in the two preceding 
cases, the student may complete the views without further 
instruction. In this case, the projection of a separate full 
view may be omitted, the latter being shown in the side 
elevation. 


PROBLEM 21 


89. To project sectional views of a scalene cone. 


ExpLANATION.—This solid, which is of varied form and 
of frequent occurrence in the metal trades, is an irregular 
geometrical figure. It is a cone whose axis is inclined to its 
circular base. All the elements of a regular cone are of equal 
length, but the elements of a scalene cone are necessarily 
of variable length, for, since its axis is inclined towards a 
portion of the base, the elements in that part of the surface 
must be shorter. It is to be noted in this case that the axis 
of the cone shown in Fig. 45 does not pass through the 
center of the circle that represents the base of the solid. 


ConstRuCTION.—To reproduce this drawing on the plate, 
draw first the horizontal line d@ in the plan 3% inches 
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long, as called for by the dimension figures in Fig. 45; next, 
describe the circle 3c 
24 inches in diameter 
from a center located 
on the line Ja, its circum- 
ference passing through 
* the point 4. Project the 
elevation according to 
the dimensions given in 
Fig. 45. The axial line is 
next drawn; bisect the 
angle B AC and draw the 
bisector 40; represent 
the cutting plane mun by 
a line drawn perpendicular 
to AO and cutting 4'°C 
& inch from C. 

The method of projec- 
tion for the various views 

FIG. 45 of this solid is the same 

as in former cases; that is, divide the outline of the 
base in the plan into a convenient number of spaces 
(12 in this problem), and from points thus located draw 
the elements to the apex @ (see plate). Next, project 
these elements to the elevation and finally project their 
intersections with the cutting plane tothe different views, as 
shown in the drawings on the plate. Note that the full 
view of the section, which in this problem is taken at right 
angles to the axis of the solid, is an ellipse. If the cone 
were in an upright position—that is, with its base at right 
angles to the axis (as that part of the cone above the cut- 
ting plane in Fig. 45)—the solid would be termed an 
‘‘elliptical”” cone. This, strictly, is not a geometrical 
solid, but its characteristics in projection drawing are some- 
what similar to the regular cone, although the elements in 
each quarter of the base are always of unequal length. 

The student should now be able to project any sections 
that may be desired. 
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DRAWING PLATE, TITLE: INTERSECTIONS I 


90. The Miter Line.—To represent properly the inter- 
sections of the surfaces of solids—or to ‘‘draw the miter 
line,” as it is commonly called—is the final process of pro- 
jection. It has already been remarked that plane surfaces 
intersect in a line; the representation of the intersection 
of plane surfaces is therefore a very simple process, 
the draftsman merely having to define each surface by 
the application of the regular projection methods already 
explained. The intersection of curved surfaces is appar- 
ently more complicated, but only because it is necessary to 
locate a greater number of points than are required for the 
intersection of plane surfaces. The location of points for 
the representation of the intersection of curved surfaces is 
done in a manner somewhat similar to that already shown 
in connection with the projection of plane surfaces having 
curved outlines. There is, however, this important differ- 
ence to be observed: in the case of the surfaces mentioned, 
their projection is accomplished by means of pozuts located 
on their outlines; while in the case of the intersection of ° 
curved surfaces, it is necessary to locate /imes in such posi- 
tions on each surface that they will lie in the same plane, 
although drawn on different surfaces. It is possible to locate 
a number of these lines in such positions on the drawing that 
through their points of intersection a curve may be traced 
that will be the correct line of intersection of the surfaces. 


91. Relation of the Miter Line to the Pattern.—No 
drawing of an object in which intersected solids are repre- 
sented is complete unless the line of intersection is accu- 
rately produced. This is a very important part of the 
drawing, and the correct ‘‘ fit” of the pattern in work of 
this class often depends entirely on the accuracy with which 
the line of intersectionis drawn. In fact, a development, or 
pattern, cannot be made until the drawing is complete in 
this particular. The principles governing the use of these 
lines are clearly shown in the explanation accompanying 
the problems, which the student should study carefully; for 
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if he thoroughly comprehends the principles governing 
their use and exercises due care to see that lines are drawn 
from the same corresponding points in each view, he will 
have no difficulty in producing the correct lines of intersec- 
tion for the surfaces of the solids represented on these 
plates, or, in fact, for the surfaces of any solid. The prob- 
lems for this plate consist of the projection of intersecting 
solids having plane surfaces. The solids are shown in per- 
spective in the illustrations accompanying each problem, 
and reference to the projections on the plate will be suffi- 
cient to show the method of finding the lines of intersection. 


PROBLEM 22 
92. To project views of intersecting prisms. 


When the plane or curved surfaces of any solid so inter- 
sect as to present one continuous surface—that is, so that 
the surfaces meet ‘‘edge and edge” in the same plane—no 
line of intersection is necessary, since such surfaces are 
relatively in (and a part of) the same plane. When, how- 
ever, the surfaces of one solid intersect a central portion of 
the surface, or surfaces, of another solid, it is necessary that 
the line of intersection—that is, the boundary lines of the sur- 
faces of the intersecting solid—should be accurately drawn. 


Case I.—When the axes of the prisms intersect at an 
angle of 90°. 


EXPLANATION.—The solids for the projection of this prob- 
lem are shown in perspective in Fig. 46, which represents 
also their position in the intersection of 

Case I. The figure consists of an up- 
right shaft in the form of a quadrangu- 
lar prism with a horizontal octagonal 
fy prism intersecting, or ‘ mitering,” at 
right angles along the axial lines of the 
two solids. The projection and ar- 

| rangement of the solids is seen in the 
drawings for this problem on the plate. 
It will be noticed that the octagons 
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drawn in dotted lines in the figure do not form a part of the, 
finished drawing, but are thus drawn to facilitate the pro- 
jection, as the edges of the solids may thus be determined 
before the side view is drawn. It is often convenient to 
place portions of views temporarily on the drawing in this 
manner, as much labor is thereby saved. The plan is com- 
pleted first and the remainder of the drawing finished in the 
usual way, as may be seen from the reduced copy of the 
plate. It is thus shown that the correct line of intersection 
is found by simple methods of projection, the position of 
the points in the line being determined by projection from 
the different views. 


ConstrucTion.—Draw the plan A & CD in its proper 
position, as shown on the plate, and next construct the 
elevation A A’ C’ C, thus completing the projection of the 
quadrangular prism as though that solid alone were to be 
represented. Draw a horizontal axial line (not shown on 
the plate) for the octagonal prism through both views, and 
at the left of the views thus drawn construct a full view of 
the end of the octagonal prism, as shown by the octagons 
in dotted lines on the plate. Next, draw the lines that rep- 
resent the edges of the octagonal prism in both views. 
From the points of intersection of such lines in the plan 
with the edges A 4 and A VD of the quadrangular prism, 
draw primary projectors to corresponding lines in the eleva- 
tion. Draw connecting lines through the points of inter- 
section thus determined in the elevation, as shown at a’ 6'c' d' 
on the plate. This completes the projection of that view; 
the side elevation may then be projected by means of sec- 
ondary projectors, as in former problems. 

This plate is divided in the same manner as the preceding 
plate, and the projections for this case are drawn in the 
upper left-hand space. 


Case I1.—When the axes intersect at an oblique angle. 


This projection is completed as shown on the plate. In 
this, as in the preceding case, the plan is first drawn; but 
39—26 
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before it can be completed, a portion of the elevation has to 
be drawn in order to determine the outline of the octagonal 
surface in the plan (Problem 6). 


ConstrucTion.—First draw the outline A BCD in the 
plan and then construct the octagon shown in dotted lines 
at (a), from the points of which draw horizontal lines to the 
plan of the quadrangular prism, in the manner shown. 
Next draw the elevation of the quadrangular prism and 
locate the point + midway on the line A A’; the angle of 
inclination of the octagonal prism is in this case 45°, and a 
line at that angle is then to be drawn through ~# for the 
axial line of that solid. Construct the full view of the end 
of the octagonal prism at (4), and from the points e, /, g, etc. 
in that view draw lines of indefinite length towards the 
right; intersect these lines at a’, 6’, c’, and d@’ in the elevation 
by vertical primary projectors drawn from corresponding 
points in the plan, thus establishing the line of intersection 
in the elevation. The plan is then completed by drawing 
primary projectors vertically downwards from the edge view 
of the end of the octagonal solid in the elevation and 
tracing the outline of the inclined surface thus designated, 
as in Problem 6. ‘The side elevation is next projected by 
the arc method of secondary projectors, as heretofore. 
Note that the intersection of the upper portion of the 
octagonal surface is to be represented in that view by 
dotted lines. 


Case IlIl.—When the axes are at an oblique angle, but do 
not intersect. 


EXpLANATION.—The position of the solids is shown in the 
drawings on the plate, and the projections do not differ 
materially from those of the two preceding cases. The 
octagonal solid is in this case inclined at an angle of 30°, 
and its axial line 7 2, as shown in the plan, is drawn + inch 
below the center of the quadrangular prism. The order of 
procedure is the same as that given for the drawing of 
Case II and will present no difficulties to the attentive 
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student. It is necessary, however, to use extreme care in 
these projections, in order that the position of points in the 
different views may be located zu the same corresponding 
position with regard to one another.* 


PROBLEM 23 


93. To project views of a prism intersected by a 
cylinder. 


EXpLANATION.—Fig. 47 is a perspective view of an octag- 
onal prism intersected by a cylinder at an oblique angle, the 
axes of the solids not intersect- 
ing. The arrangement of the 
views, the dimensions, and the 
angle of inclination are shown on 
the plate. The projection of this 
problem is very similar to the last 
case of Problem 22. Note that 
the position of the two solids is 
such that the axis of the cylinder 
intersects the edge D of the 
prism. The circles that represent 
the end surface of the cylinder in each view are divided into 
a convenient number of equal spaces, and from the points 
thus located lines parallel to the axis of the cylinder are 
drawn on its surface. These lines are then projected 
in the same way as the lines that represented the edges 
of the octagonal prism in Problem 22. Since the surface of 
the cylinder is a curved surface, the line drawn through 
the points of intersection of the two solids will be a curved 
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line. 


* Too much stress cannot be laid on this important statement; as the 
student progresses with the projection of the views, he will see the im- 
portance of this matter. The work must be done slowly, keeping the 
pencil points well sharpened; the position of the points in the drawing 
may then be accurately determined, if the views are constantly com- 
pared. If this is done, there will be no difficulty attached to any of the 


problems to follow in this section. 
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94. General Instruction Relating to Intersections. 
When points are located on the full view of a surface 
in a plan and elevation, as on the circles at (a) and (4) in 
the drawings on the plate for the last problem, care must be 
taken that the distinction between the different views is 
maintained; thus, the point x, at (a) and in the plan, is 
located at +’ at (4) and in the elevation, both positions on 
the drawing representing the same position on the solid. 
Any other points thus located on an outline will be 
changed in a corresponding way with relation to one 
another. To project intersections of solids, all of whose 
surfaces are bounded by parallel lines or on whose sur- 
faces parallel lines may be drawn that will also be parallel 
to the axis of the solid, it is necessary first to draw a 
view that will show the intersected surface, or surfaces, 
in one line—that is, ‘‘on edge.” Such views have been 
drawn in the plans of the preceding problems. ‘The lines 
of the intersectzzg solid are then represented in this view, 
and the points of their intersection with the upright 
surfaces are projected to the elevation in the manner 
described. 

It will be seen that, if all the surfaces of any intersecting 
solids are plane, their edges or outlines alone will suffice for 
finding the lines of intersection. If the surfaces are curved, 
it is merely necessary to locate a number of points on the 
outline of the full view, through which to draw parallel lines 
similar to those drawn on the cylinder in Problem 23. This 
practically changes, or reduces, the cylinder to a solid 
bounded by a number of plane surfaces. In the case of 
Problem 23, the cylinder has really been treated as though 
it were a prism having a number of sides equal to the num- 
ber of spaces into which the circles were divided. This 
would actually have been the case had straight lines been 
drawn between the points thus located on the circles 
at (2) and (4). Had this been done, the line of intersec- 
tion would also have been represented by a series of short 
lines drawn between the points located by projection 
methods. 
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DRAWING PLATE, TITLE: INTERSECTIONS II 


95. This plate is divided in the same manner as the pre- 
ceding plate, and the problems occupy the same relative 
positions. 


96. Intersections of Cylinders. — The intersection 
lines of cylinders equal in diameter and intersecting one 
another in the same plane—that ts, so that their axes also 
intersect—are always represented by straight lines in a view 
that shows the axes in their true length. This is the case in 
the projections that are shown in Fig. 48, which represents 


FIG. 48 


objects that are familiar to all sheet-metal workers; namely, 
pipe angles (a), elbows (0), Y’s (c), and T’s (7). The same 
is also true of similar moldings ‘‘ mitered” in a plane in 
which the true length of all members of such moldings may 
be shown. The line of intersection may always be found in 
such cases by bisecting the angle made by the pipe or mold- 
ings. Fig. 48 also illustrates an example of line shading 
often used by draftsmen to designate cylindrical surfaces on 
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working drawings. When cylinders of different diameters 
intersect (or cylinders of the same diameter whose axes do 
not intersect), the lines of intersection in any view are 
curved lines, and are found in a manner similar to the pro- 
jection in the last problem. The lines, however, that are 
drawn on any one cylinder must be projected to the inter- 
secting cylinder, for it is at the intersection of lines thus 
drawn that points are established through which the curve of 
intersection may betraced. This is illustrated in Problem 24. 


PROBLEM 24 


9%. To project views of intersecting cylinders of 
unequal diameters. 


EXPLANATION. —Fig. 49 is a perspective view of a branch Y 
of occasional occurrence in blowpipe work. The arrange- 
ment of the views and the method of projec- 
tion are shown on the plate, and since it is 
similar to those of drawings that have been 
made on the preceding plate, no definite 
instructions are necessary. The diameter 
of the larger cylinder is 2 inches and that of 
the smaller 1 inch, while the angle of inter- 
section shown in the elevation is 45°. The 
position of the two cylinders is such that 
the outline 7s of the smaller cylinder in the 

Ries) plan is tangent tothe circle that represents 
the large cylinder. Note the position of points on the circle 
that represents the end surface of the smaller cylinder in 
the plan, at a, 6, and c, and their corresponding location 
at a’, 6',c', etc. in the elevation (Art. 94). Also observe 
that certain points on lines drawn on the surface of the 
smaller cylinder, as the lines mn, pg, and r sin the plan, are 
projected to the front elevation, where they are represented 
as lines at 2’ 2", g' gq", and s' s’, These corresponding lines 
are in the same plane and are the lines drawn on the surface 
of the larger cylinder, as above mentioned. Through the 
points of their intersection with linesdrawn froma’ 0’, and c' 
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in the elevation, the curved line of intersection of the two 
cylinders is to be traced, thus completing the problem. 
Project the side elevation as heretofore. 


PROBLEM 25 
98. To project views of a cone intersected by a 
cylinder, the axes of the two solids being parallel. 


EXPLANATION.—Fig. 50 is a perspective view of a steam- 
exhaust head, a modification of which is in common use. 
The drawing on the plate is a com- 
plete projection of the same, in which 
the proportion of the cylinder C is in- 
creased, in order to show the method 
of projection to better advantage. 
Observe that the position of the object 
is reversed, as the drawing is thereby 
facilitated. The elevations on the 
plate show that the lines of intersec- 
tion of the two cylinders A and & with 
the cone are represented by straight 
lines; this is always the case when a cylinder whose diameter 
is equal to a section of the cone intersects in this manner. 


ConsTRUCTION.—First, construct the elevation of the cone 
in its proper place on the drawing and in accordance with 
the dimensions given on the plate. The cylinders A and B 
are then drawn as shown. Next, draw the plan and repre- 
sent the outline of the cylinder C in that view by a circle 
of the diameter indicated on the plate. Divide this out- 
line into a convenient number of equal spaces (in this 
case 8), as shown at a, 0, c, etc., and through each of these 
points draw elements of the cone, as O ~, Og, etc. Project 
these elements to the elevation and locate thereon by pro- 
jection methods the position of the points of intersec- 
tion a’, h’, g', etc. Complete the elevation by drawing the 
outline of the cylinder Cin that view and tracing the line 
of intersection of the two solids through the points a’, h”', g' 
etc. Project the side elevation by the usual methods. 
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PROBLEM 26 
99. To project views of intersecting cones. 


Fig. 51 isa woe view of an object that illustrates 


Fic. 51 


this problem. The cones are shown 


_in a somewhat more convenient 


proportion for this problem in the 
projections on the plate. The con- 


i struction of this problem must be 
I) followed very carefully, asa number 


of the operations are necessarily 
made over one another on the draw- 
ing and thestudent must be careful 
to distinguish each process. 
ConstTrucTion.—Describe a circle 
2% inches in diameter in the plan 
to represent the lower base of the 
larger, or intersected, cone in that 


view; and from the same center describe a circle $ inch in 


diameter, to represent the 
upper bases Project ~ the 
front elevation of this cone 
and define the frustum 
24 inches high, as shown on 
the plate, producing the 
outlines until they meet in 
the vertex. Next, through 
the point /, Fig. 52,draw the 
axial line of the smaller, 
or intersecting, cone (the 
line “406. Piew 52)c at an 
angle of 45° with the base 
of the larger cone; locate 
the point A 3 inches from 
f, and, “after fixing the 
point "C “is inch arom. 
draw C D_ perpendicular 
to AB. Draw the outline 
of the upper base of the 
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smaller cone in the elevation parallel to C D and 2 inch 
from A. Draw the full view of the base of the smaller cone 
at / B H; divide this outline into a convenient number of 
equal parts,as at /,a, B,c, etc., and project these points 
to the base C D. Draw the elements of the smaller 
cone, as shown in Fig. 52, and produce them until they 
intersect the base of the large cone at &, F, and G.* 
In the plan of this drawing, a series of sections of both cones 
are now drawn as the sectional curves would appear if each 
of the elements of the smaller cone shown in the elevation 
were considered as a cutting plane, as in Problem 20. The 
sections of the smaller cone will in each case be a triangle 
(Art. 86), while the sections of the larger cone will be ellip- 
tical, parabolic, or hyper- 
bolic curves, as the case may 
be. The point of intersec- 
tion with the side of each 
triangle and its correspond- 
ing sectional curve of the 
larger cone is then projected 
to the elevation and the line 
of intersection of the two 
cones traced through these 
points. The sectional tri- 
angles of the smaller cone 
are shown in the plan of 
Fig. 52. Draw _ vertical 
primary projectors to the 
plan “from. “points <a’, B’, 
and c’, and on these pro- 
jectors set off distances 
from the horizontal center 
line of the plan similar to mee ce 

the distances from AH / in the full view of the base; that is, 
make x'c” equal rc, etc. 


*In this case eight elements are represented, since it is not desirable 
to complicate the drawing by using more, although in practical work 
it will be found necessary to use a larger number of points in order 
that the line of intersection may be more accurately traced. 
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It is not necessary to develop the sectional curves of the 
larger cone in their entire length, since all that is required 
is to find a point on each curve that is at the intersection of 
the triangular sections of the smaller cone. This is better 
illustrated in Fig. 58, in which is shown the projection of 
the point o in the line of intersection. A study of this 
figure will show to the student that the operations are sim1- 
lar to those of Problem 20; the process in the case of each 
point is merely a repetition of that here indicated and need 
not be further explained. The extreme upper and lower 
‘points y and z, Fig. 52, are the points of intersection of the 
central section and may be projected directly to the plan 
from the elevation, since the outline of the figure in the 
elevation is really a section on the line mz in the plan of 
Fig. 52. Fig. 54 shows the three sections produced by the 
above method; that is, the irregular curve pqv, Fig. 54, 
is a section of the larger 
cone produced by the in- 
tersection of the cutting 
planesA a2 rs ase ana oie 
are found as above de- 
scribed, the section lines 
being indicated in the 
figure by short  cross- 
hatching. Project the side 
elevation as in former 
problems. 

The student may at the 
completion of the drawing 
on the plate erase all the 
construction lines except 
those projectors shown on 
the reduced copy of the 
plate, those lines only be- 
ing inked in that are neces- 
sary to show the outlines of 
the figure and the line of 
intersection in each view, as well as the outer projectors. 
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PROBLEM 27 


100. To project views of a sphere intersected by 
a cylinder. 


When the position of these two solids is such that the axis 
of the cylinder passes through the center of the sphere, as 
shown in perspective in Fig, 55, the line of intersection 
is shown in a right elevation as a straight line. In the case 
of the solid shown in perspective in Fig. 56, the axis of the 
cylinder does not pass through the center of the sphere, and 


FIG. 56 


the line of intersection is an irregular curve, which may be 
found by the following method. Since the construction of 
this problem involves lines that must necessarily be drawn 
closely together in the small scale adopted for these drawings 
on the plate, a proportion is selected that does not admit of 
the entire figure being shown in the elevations; these pro- 
jections are therefore finished by broken lines, as indicated 
on the plate. 


ConsTRUCTION.—Draw the plan first and represent the 
view of the sphere bya circle 3}inchesindiameter. Drawa 
vertical diameter and from a point midway on the radius a6 
describe a circle 12 inches in diameter, to represent the end 
’ view of the cylinder, on the outline of which locate a number 
of points by spacing with the dividers, as at J, 2, 3, 4, etc. 
Through these points, in the manner shown on the plate, 
draw vertical lines, as ab, cd, ef, gh, and 727, each of which 
will now represent a cutting plane. Sections of the sphere 
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and cylinder on these lines are now to be produced in the 
side elevation. ‘These sections, as already stated, are circles 
and parallelograms, respectively, the diameter of the circles 
being ascertained from the view in which the cutting plane 
is shown on edge, as in the plan. In this problem, the side 
elevation is next projected. Describe arcs representing the 
sections in the side elevation, using the radiiad, cd, ef, gh, 
and 7/7, the radius a 0 being the great circle of the sphere. 
By the aid of primary projectors, project the points from 
the cylinder in the plan to the side elevation, intersecting 
corresponding arcsin the side elevation. Trace the irregular 
curve shown in that view on the plate through these points. 
Next project the front elevation, thus completing the 
problem. 


101. Recapitulation.—The problems of this plate 
have afforded the student an opportunity for careful study. 
Owing to the number of points necessary to be found in 
each figure, the problems may have had the appearance of 
more or less complication, but if the student, as previously 
cautioned, will carefully locate the points required, onze at a 
time, not hurrying his work nor trying to grasp the entire 
problem at once, but keeping in mind the different principles 
in the order presented, and by referring, if necessary, again 
and again to the primary principles, he will experience no 
difficulty in making the drawings. He will also be able 
intelligently to project any view of any object; in other 
words, he will be able to make any working drawing what- 
ever, and, in addition to this, be able toread and understand 
any working drawing he may be called on to examine. 


DEVELOPMENT OF SURFACES 


INTRODUCTION 


1. Definition of a Development.—A development is 
a drawing in which a full view of all the surfaces of a solid 
is represented. Whenever a development is to be drawn 
(except in the case of solids of very simple form), a pro- 
jection drawing must first be made. This projection should 
show the solid in a rzgft position. Since the location of the 
various points in a development is dependent on their corre- 
sponding position in the projection drawing, the importance 
of the projection and the necessity for accuracy in its con- 
struction are thus clearly seen. Ifa solid is bounded entirely 
by plane surfaces, its development can be accomplished by 
merely projecting their full views, as already explained in 
Practical Projection. 

A solid is said to be developed when all surfaces compo- 
sing it are represented on one plane and in such relation to 
one another that, if formed or bent up, they will constitute 
a solid similar to the one represented by the projection draw- 
ing from which the development was made. Such a rep- 
resentation is called a development, or a pattern, the 
process of laying out the pattern being termed developing 
the surfaces of the solid. 


2. Relation of the Surfaces in a Pattern.—When 
it is desired to produce a pattern requiring a combination 
of several surfaces that are adjacent ina solid, such surfaces 
must be drawn in the same relation to one another in the 


8.1% 


. For notice of copyright, see page immediately following the title page. - 


2 DEVELOPMENT OF SURFACES Se Af 


development. The surfaces of a solid when thus combined 
in a pattern, or development, bear the same relation to one 
another that they would if they were considered as being 
unfolded or unrolled—the same relation that a paper wrap- 
per would bear to the package from which it had been 
unfolded or unrolled. The paper wrapper is not always an 
apt illustration, as the metal worker seldom requires several - 
thicknesses of his material. In the case of the familiar 
‘“square pan,” however, the ends are folded on one another 
in precisely the same way as in the paper wrapper. 

It will be seen from the foregoing that, were all solids 
bounded by flat, or plane, surfaces, the subject of develop- 
ments would present no new problems; it would be neces- 
sary merely to study the relation of surfaces to-one another, 
project their full views, and carefully redraw them in the 
pattern in the same relative position. 


3. Projection Methods Used.—It has been shown in 
Practical Projection that a single surface is developed, or, -as 
stated, its full view is drawn, by a modification of the same 
methods that are used to produce the different views of that 
surface. Many of the operations attendant on the develop- 
ment of solids, are like those used in producing full views of 
single surfaces; or, if not, the principles involved may be 
traced to their origin in other methods used in projection 
drawing. 

A thorough knowledge of projection is absolutely neces- 
sary that the student may understand the operations involved 
in developing the surfaces of a solid. The position of the 
several points located in a drawing and their corresponding 
location in an imaginary way on the object itself must be 
definitely fixed in the student’s mind. Each line must be 
determined in its relation to the other lines of the drawing 
and its ideal, or imaginary, location definitely ascertained; 
the surfaces, also, must be treated in a similar way. The 
student must picture to himself the completed object as it 
will appear when the surfaces laid out on the drawing board 
in the development are formed up in their final relation to 
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one another. This imaginary part of the study is of even 
greater importance in the case of developments than in pro- 
jection drawing. As the student has already had some drill 
in this part of the work, the subject he is now studying 
should be found less difficult than would otherwise be the 
case. In projection drawing, the surfaces of the solid are 
represented as being in their proper position; in the develop- 
ment, the same surfaces are represented as being developed 
or spread out on the surface of the drawing board. 


GENERAL CLASSIFICATION 


4. General Classification of Solids.—An accurate 
development may be drawn for the plane surfaces of any 
solid, or for surfaces having, when related to a given line on 
such surface, a curvature in one direction only. In general, 
it may be stated that any solid may be developed on whose 
surfaces it is possible to lay a straightedge, in continuous 
contact, in any one direction. To use in this connection 
the illustration of the cylinder, it will be seen that, if the 
straightedge is resting on the surface parallel to the axis of 
the cylinder, it will remain in contact at all points. If, on 
the other hand, the straightedge is resting on the curved 
surface and is not parallel to the axis of the cylinder, the 
surface will be in contact at a single point only. However, 
the fact that it is possible to place the straightedge in con- 
tinuous contact on the surface allows the inference that 
such surface is capable of accurate development. 

The same rule applies to solids of irregular form. The 
methods of development, however, are not the same in cer- 
tain variously formed solids, as will be explained later. 
There are certain forms whose surfaces, owing to their 
curvature in several directions, are not capable of being thus 
laid out on a flat surface, i.e., not capable of being devel- 
oped. On the surfaces of solids of this class—the sphere, for 
example—it will be found impossible to lay the straightedge 
in contact in any direction. For, if placed on such a surface, 
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there will be but one point of contact—that of the fan- 
gential point. Tangential contact indicates that develop- 
ment can be accomplished only in an approximate way. For 
purposes of development, then, it is convenient to separate 
all solids into two general classes according to the result 
obtained in developing their surfaces. These two classes 
are: solids whose surfaces admit of accurate development 
and solids whose surfaces admit only of approximate devel- 
opment. Approximate developments are, however, so 
nearly accurate for the purposes of the sheet-metal worker 
that the kind of solid is more clearly marked by the method 
of developing its surface than by the result obtained by the 
development. Therefore, in order to distinguish the kinds 
of solids, both accurately and approximately developed 
solids are divided into three main classes according to the 
method used in developing their surfaces. These classes 
are explained later. 


5. Accurate Developments.—Solids whose surfaces 
are capable of accurate development are of frequent occur- 
rence in the sheet-metal-working trades. To this class 
belong all prismatic, cylindrical, and conical forms, whether 
of regular or irregular geometrical form. It includes all 
articles or objects whose covering may be formed without 
being submitted to the operations known to trade workers as 
‘‘raising,” or ‘‘ bumping.” Any solid whose surfaces may 
be unrolled or spread out on a flat surface without ‘‘ buck- 
ling’”’ may be accurately developed. Although it is often 
necessary, especially when working metal of unusual thick- 
ness, to take into account the stretching of the material 
when producing patterns for many objects, these objects 
belong to accurately developed solids, providing that the 
metal does not have to be ‘‘ raised,” or ‘‘ bumped,” in order 
to form the object. It is, therefore, essential that the 
metal worker should thoroughly understand the nature of 
the material and be well informed as to the best manner in 
which to provide for all laps and edges used in the construc- 
tion of the finished article. 
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It is the purpose of Development of Surfaces to define and 
illustrate theoretical developments and the means used by 
the draftsman in their production. 


. 6. Approximate Developments. — The sphere and 
other solids whose surfaces have a curvature in two or 
more directions are examples of objects capable of only 
approximate development. The test by the straightedge 
is (with the exception of the helicoidal surface) a_posi- 
tive indication of the class to which any solid may be 
assigned. Patterns for the surfaces of objects of this class 
may be approximated, because it is necessary for the metal 
to undergo the operations of ‘‘raising,” or ‘‘ bumping,” 
before it will conform’ to the exact surface represented in 
the drawing. It is necessary in these cases to make allow- 
ance in the pattern for the stretching of the metal. Since 
this part of the subject does not belong to theoretical develop- 
ment, it is not treated here. 


SOLIDS THAT MAY BE ACCURATELY 
DEVELOPED 


7%. There are three distinct methods in common use, by 
means of which patterns are produced for solids whose sur- 
faces are capable of accurate development. It is advisable, 
therefore, to separate the different varieties of these forms 
into three general divisions, in order that their development 
may be studied in a systematic manner. This classifica- 
tion may be made by studying the manner in which the 
covering of these solids—to use again the illustration of a 
wrapper—would be unrolled or spread out if done by roll- 
ing the solid on a flat surface. 


8. Solids Developed on Parallel Lines.—A conve- 
nient illustration of the manner in which the surfaces of a 
solid will appear when unrolled as above indicated may be 
found in the following example, which serves at the same 
time to define a property peculiar to solids of a certain 


form. Let the continuously adjacent surfaces of the prism 
39—27 
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shown in Fig. 1 (a) be carefully covered with thin paper, as 
at Fig. 1 (0). Denote each of the four surfaces by a letter, 
as A, B, C, and D, and further designate the edges of the 
prism by the letters a6,cd,ef,andgh. As the ends of 
the paper covering meet at the edge a 4, that edge of the 


surface D may be denoted by the letters a’ 0’, as shown in 


(a) 


Fic. 1 


Fig. 1 (4). Assume now that the prism is laid on the 
. drawing board, the surface A face down, and the paper 
covering removed by turning the prism over and over, the 
paper remaining on the surface of the drawing board, as 
shown in Fig. 2 (a2) and (0). 

Two important principles relating to developments are 
demonstrated in these illustrations. /zrst, as will be seen 


Fic. 2 


from Fig. 2 (0), the edges a 6, cd, ef, gh, anda’ d'areall 
parallel to one another. This is true both in the develop- 
ment and on the solid, as may be readily seen by the 
student, the only difference being that on the solid certain 
of the lines are in different planes, while in the development 
they are all in the same plane. ‘Second, it will be noted 
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that, since the letters shown in Fig 2 are reversed, the 
outer surface of the paper covering in Fig. 1 (6) corresponds 
to the under surface in Fig. 2 (6). Ina similar manner, it 
is learned from the second principle that positions indicated 
on any surface of a solid, as shown in a projection drawing, 
are reversed when shown in the development of the solid. 
The same treatment of the cylinder is found to produce 
results closely resembling those shown in the case of the 
prism. The cylinder is represented in Fig. 3 (a) as covered 
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with paper, a number of lines being ruled on the covering 
parallel to its axis, as shown at cd, ef, etc. The paper is 
shown unrolled in Fig. 3 (0), and it will be observed that 
not only the outer edges a6 and a'd’ are parallel to each 
other, but that all other lines parallel to the axis of the 
solid appear in the development parallel to one another and © 
to the edge lines a 6 and a'd’. The student that has ever 
flattened out a piece of straight molding, as for cornice 
work, probably noticed a number of straight parallel lines 
on the metal where it had been bent in the brake. This is 
an illustration similar to that of the cylinder, the different 
members of the molding being considered as the various 
surfaces of an irregular solid. 
Such illustrations indicate that parallel lines bear some 
relation to certain forms, and it will be shown that the pat- 
terns for these forms are developed by a method whose 
principles are based on this fact. Many solids may be at 
once recognized as belonging to this division. In general, 
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any solid whose edges are parallel may be located here. In 
the case of solids having curved surfaces, it may be stated 
that, if it is possible to draw a series of parallel lines on 
such surfaces, the development of the solid may be pro- 
duced by the same methods given for this class. The first 
general division, therefore, comprises those solids whose 
surfaces may be developed on parallel lines. 


9. Solids Developed on Radial Lines.— When the 
test given to the cube and the cylinder in Figs. 1 to 3 is 


aa N d \ 


> 


(a) 
Fic. 4 


applied to the pyramid, it is found that the lines indicated 
on the paper converge to a point, as shown in Fig. 4 (a) 
and (4). It is noticed, also, that this point 0, Fig. 4, defines 
the position of the vertex of the pyramid. The same may be 
said of the cone, illustrated in Fig. 5 (a) and (0). If lines 
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are first indicated on the surface of the cone corresponding 
to its elements, it will be found, when the covering is 
unrolled, that these lines also converge to a point, as in the 
case of the edges of the pyramid. 
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It was found possible to institute a system of obtaining 
developments based on parallel lines in the case of the 
prism and cylinder; in a similar manner, it is quite evident 
in this case that a system dealing with radial lines should 
produce like results. Since, in projection drawing, the ele- 
ments of the cone are known to be useful factors in deter- 
mining the position of points on its surface, it may readily 
be conceived that their use in a somewhat similar way may 
be adapted to developments. This is found to be the case; 
and a second general division of solids is thus made, con- 
sisting of those forms whose surfaces may be developed on 
radial lines. Included in this division are all regular taper- 
ing solids and such irregular forms as are derived from 
regular solids. The metal trades furnish many examples of 
solids belonging to this division; in fact, the writers of sey- 
eral works on patterncutting confine their instruction almost 
entirely to the development of solids of this character. 


10. Solids Developed by Triangulation.—There are 
many forms of irregular surfaces to which the test of the 
straightedge may be applied and the conclusion thereby 
reached that their surfaces admit of accurate development. 
It may also be concluded that neither of the two former 
methods is applicable, for neither parallel lines nor a series 
of radial lines may be drawn on their surfaces. Many of 
these solids are not of such a shape as to admit of their being 
either turned or rolled on a plane surface. It is found, 
however, that on every such surface, series of two or 
more lines each may be drawn in certain directions, forming 
angles. 

On such irregular surfaces it may happen that no two of 
the angles thus drawn on the solid, or represented—either 
correctly or foreshortened—in the projection drawing, will 
lie in the same plane or be equal to each other. Since it is 
possible thus to project these angles, evidently they may be 
reproduced on the flat surface of the drawing paper in their 
correct size. If this can be done, it may be reasonably 
assumed that the surfaces thus represented will be the same 
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as the corresponding surfaces of the solid. An illustration 
of this principle, as pertaining to a plane surface, was given 
under another heading in Practical Projection. 

In Fig. 6 an irregular solid of this kind is shown. It is 
the solid whose projection was drawn in Problem 19 of 
Practical Projection. This figure 
illustrates in a general way the 
method used in arranging the trian- 
gles on the irregular surface of such 
solids. The triangles are represented 
in the figure in a perspective way, 
but they are, of course, always drawn 
in connection with the usual methods 
of projection. The third general division, therefore, con- 
sists of those solids whose surfaces are developed by ¢rzan- 
gulation—that is, by means of triangles. 
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11. How the Division of Solids Is Accomplished. 
It is not to be understood that the draftsman actually 
applies the test of the straightedge in reaching a conclusion 
as to whether the surfaces of a solid may be accurately or 
approximately developed. Nor does he roll the object on 
the drawing board in order to determine whether the 
method by parallel lines or one of the other methods is to 
be used. As a matter of fact, he seldom has a model to 
work from, and, therefore, could not apply such a test if he so 
desired. But as he studies the drawings and imagines the 
position of the surfaces as they will appear in the com- 
pleted object, he is enabled to apply the tests as effectually, 
in an imaginary way, as though the tests were made with a 
straightedge. In the same imaginary way, also, he assigns 
the solid to the general division to which it properly belongs, 
and thus decides as to the method he will use in the devel- 
opment of its surfaces. 

A little practice will enable the student to classify the 

‘variously formed objects in this way and to select the 
method that shall be applied in any given case. <A 
very important part of the patterncutter’s acquirements 
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consists in being able to recognize in various irregular 
objects those forms that may be 
only a portion of some regular 
solid. In other words, the student 
must learn to establish in his own 
mind the connection between com- 
plete and perfectly formed solids 
and those objects in which only 
a portion of the solid may be rep- 
resented. The method of devel- 
opment is, of course, the same in 
both cases, but asa matter of fact, 


Ftc. 7 FIG. 8 


the operations are usually more complicated in cases where 
the incomplete solid demands the patterncutter’s attention. 
Especially is this true of conical forms, or those developed 
on radial lines. Frequent illustrations of this principle 
may be found in commonly occurring objects. The flaring 
pail shown in Fig. 7 is seen to be a part (or frustum) of a 
cone, the completed cone being indicated by the light sha- 
ding in the illustration, 
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The same is true of the sitz bathtub in Fig. 8. Here it 
is seen that the portion of the cone represented by the fin- 


ished article is an irregular section 
of the cone; its development is, how- 
ever, accomplished by the same meth- 
ods to be shown for regular cones. 
Another instance is found 
measure shown in Fig. 9. 
two intersecting cones: 


in the 
Here are 


a regular 
frustum of one forms the body of 
the measure; 
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and an irregular frus- 
tum of the other—an inverted cone— 
forms the lip of the finished article. 

All the articles in Figs. 7 to 9 are 
thus shown to be frustums of regu- 
lar cones, although varying in the 
a regularity of their bases. 
cases, as in the 


TCM 


In certain 
‘“oval” pan body 


a \\ 
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represented by the heavily shaded band in Fig. 10, the 


=. ? 
surfaces may be portions of the surfaces of different cones or 
of cones differing in size. 


. The bases of this article are 
elliptical in outline. 


The ellipses are drawn by circular 
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arcs. The vertexes of the different cones would be repre- 
sented in a plan view by the centers from which the differ- 
ent arcs are struck. ‘These cones are partially shown in 
Fig. 10, and in the relation required by the portions of 
their surfaces that compose the sides of the pan. 

It is essential, therefore, that the student should possess 
a certain familiarity with the forms of the regular solids, to 
assist him in the classification of the objects that he will be 
called on to develop. It is with this end in view that a series 
of plates is to be drawn by the student. The instruction 
is in the form of problems, and several of the drawings 
of Practical Projection are reproduced for the purpose of 
showing the development of the surfaces of the solids there 
represented. The student’s attention will first be directed 
to a consideration of those solids whose development may 
be accomplished by means of parallel lines. 


DEVELOPMENT BY PARALLEL LINES 


12. Importance of Certain Views.—It has already 
been stated that the making of a working drawing is the 
draftsman’s first step towards obtaining a pattern for the 
surfaces of any solid. The solid in question should be shown 
in this drawing in such a position that measurements may 
be taken of its surfaces in all their dimensions. In order to 
accomplish this, several views may have to be drawn, 
although a right plan and elevation will usually be sufficient. 
In some cases there may be given to the mechanic a draw- 
ing in which the object is so shown that these dimensions 
may not be readily obtained. In such cases, operations in 
projection are required; with these the student is already 
familiar. 

For purposes of development it is important that the view 
shown should be that one in which the lines of the solid are 
given in their true length, or, in other words, a r7ght view 
of the solid. In addition to this view there must be given 
that view also in which the surfaces thus partially bounded 
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by these parallel lines are shown as on edge. In some 
instances, as in the case of a simple solid of which all the 
dimensions are known, the latter view may be omitted; it 
is, however, understood as being drawn, for the draftsman 
knows all its dimensions. Generally, therefore, before the 
pattern can be produced, a plan and an elevation showing 
the solid in a rzght¢ position must be drawn. 

In drawing the projections in Practical Projection, the 
right views have first been drawn and inclined views have 
then been projected from them. This has been done in 
order to familiarize the student with the appearance of such 
drawings; but in every case the development of the pat- 
tern is to be projected from a right view. It is possible for 
the draftsman to become so expert by practice that in cer- 
tain cases he is enabled to obtain, from foreshortened views, 
patterns for somesurfaces. The beginner should not attempt 
this, however, since the operations involved are confusing, 
and should be resorted to only by the experienced pattern- 
cutter that thoroughly understands the subject. 


13. The Stretchout.— As stated in the preceding 
article, it is essential that in all cases where the develop- 
ment of solids may be accomplished on parallel lines, the 
view showing certain surfaces as on edge should either be 
given or assumed. From such a view, the width of each 
surface may readily be ascertained. The total width of all 
these surfaces—the distance around the solid—is called the 
girth of the solid. In case the solid has a curved surface, 
its girth is found by spacing with the dividers the outline in 
that view. The girth of the cylinder, for example, is equal 
to the length of the circumference of a circle that represents 
the base of the cylinder. 

When a distance corresponding to the girth of any solid 
is represented by a straight line ona flat surface, such a line 
is called a stretchout for the development, or pattern. 
This line is then marked off by a series of points, the points 
representing the places at which the line would be bent 
if formed up to correspond with the outline of the solid 
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represented in the view from which the distances were taken. 
In the case of curved surfaces, a number of points are 
located on the outline, as previously indicated. This is 
usually done by dividing the outline into a number of equal 
spaces in the same manner as in projection drawing; an 
equal number of spaces is then stepped off on the stretchout 
line, whose total length is in all cases equal to the girth of 
the solid. An important point to be observed is that the 
points thus located on the stretchout must be (although 
reversed) in a position on the line corresponding to that 
relatively occupied on the solid. 


14. Position of the Development.—The position in 
which the stretchout is placed on the drawing determines 
the position of the development. This line is always drawn 
at right angles to the parallel lines of the solid and froma 
view in which these parallel lines are shown zx ‘their true 
length. 

In making a projection, then, from which to produce the 
patterns of any object, it is important that a sufficient 
space be left on the drawing, to one side or the other of that 
view. It frequently happens that this cannot be done, and 
in such cases it is a common practice to lay an extra piece 
of paper over a portion of the drawing, on which the develop- 
ment may be produced. When the latter method is adopted, 
the paper on which the development is made may be used 
in transferring the outline of the pattern to the metal, and 
the original drawing may then be preserved in perfect con- 
dition. 


15. Development of the Cube.—For the purpose of 
explaining to better advantage the use of the stretchout, the 
* development of the cube is presented, step by step, in Figs. 11 
to 14, inclusive. A reproduction of this development should 
be made by the student in accordance with the following 
instructions, although the drawing is not to be sent to the 
Schools for correction. : 

The plan and the elevation shown in the left-hand portion 
of the figures are drawn first. The development could be 
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produced from either view in this case, since in any right 
view the dimensions of a cube are equal. For the purpose 
of the illustration, the development is drawn from the 
elevation. At right angles to the parallel lines in the eleva- 
tion draw a line as WN, Fig. 11. On this line locate a 
point at any convenient distance, as at w. This point may 
correspond to any of the upright lines or edges of the solid 


- 
M 2 4 a a We 


Elevation 


represented by A, B, C, or D in the plan of 
B the cube. Since it is necessary to begin 
from one of these edges to unfold in an 
imaginary way the surfaces of the cube, the 
point w will be considered as representing 
© a‘ position on the edge A. Thé surfaces 

are to be represented in their regular order 
in the development, that is, the order in which they appear 
on the solid itself; first, the surface represented in the plan 
by AB, then BC, CD, and DA, in their natural order as 
they are shown in the projection at the left of the line ZW. 
The dividers may, therefore, be set at a distance equal to 
the length of the side A 4, and since the sides of the cube 
are equal in length, the distances wz, x y, yz, and-2w'— 
corresponding, respectively, to the sides represented in the 
plan by A 5, BC, CD, and DA—are to be spaced off on 
the line JZ lV. 


Fic. 11 


16. Laying Off the Stretchout.— That portion of 
the line J7 NV included between the points zw and w’ is called 
the stretchout of the cube. A stretchout may be drawn in 
any position on the drawing board, at the convenience of the 
draftsman, but it is invariably at right angles to the parallel 
lines of the solid. 

Wherever the stretchout occurs in the drawings of this 
section, it is represented by a heavy line, as shown in Fig. 11. 
It is customary to draw a line of indefinite length quite near 
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the view of the solid that is being developed, as in Fig. 11. 
When the stretchout is mentioned, the only part of the line 
referred to is that included between the extreme points w 
and w’, Fig. 11, located to define the total width of the 
adjacent surfaces. This operation is called /aying off, or 
developing, the stretchout. It will be seen that if a string 
equal in length to zw w’ should be stretched around the cube 
in a horizontal direction, it would exactly reach the entire 
distance, and the ends would meet, in Fig. 11, at the 
edge A. 

The next step is to erect perpendiculars to the stretch- 
out WN that shall pass through the points w, +, y, etc. 
and be produced on both sides of the line. This is done by 
means of the triangle, in connection with the T square, as 
in Fig. 12. The lines thus drawn are called edge lines, 
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since they represent, in the development, those portions of 
the surfaces that would form the edges of the solid if the 
pattern were to be cut out and formed up to the shape 
indicated by the projections. Edge lines are to be repre- 
sented in these drawings by dash-and-dot lines, as shown in 
Fig. 12, similar to those used in Practical Prozection for 
projectors. 
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Next, the length of each of the upright edges shown in 
the elevation is marked off on its corresponding edge line 
in the development. This is readily done with the T square, 
and, since each of the four edges represented in the elevation 
is of the same length, the T square may be brought even 
with the horizontal lines in that view, and a line drawn 
from each across the development, as shown in Fig. 13. 
The lines thus drawn are called developers, and will be repre- 
sented in these drawings by broken lines, as shown in Fig. 13. 
This name is applied to them for the reason that the length 
of the edge lines is determined—developed—when a developer 
is drawn from each extremity of the edge shown in the eleva- 
tion to its corresponding edge line in the development. In 
this case, the four upright edges of the cube, represented 
by the two vertical lines in the elevation, are of the same 
length, and their ends are in the same horizontal lines; 
therefore, the two developers pg and 7s, drawn from the 


elevation, define the upper and lower bound- 
aries of each of the four upright surfaces of 
the cube. 
‘€ ~=The development of four sides of the cube 
is thus accomplished; and if desirable, the 
other two sides may be added to any one of the four that 
have been developed. Since the method of obtaining a 
development, as it is now called, or a full view of any side 
or surface of a solid is already familiar to the student, no 
further explanation will be given. In sheet-metal work it 
is generally preferable to make the ends (of forms similar 
to the cube) of separate pieces of metal, and, on account 
of the waste of stock, it will seldom be found desirable to 
combine all the surfaces of a solid in a single piece. Should 
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such a case arise, however, the full view would be pro- 
jected and afterwards copied into its proper place on the 
development. 

The development of any solid of this class, whose bases 
are parallel and at right angles to its parallel lines, is always 
a parallelogram; and, as in the development of the cube in 
Fig. 13, this is divided into smaller parallelograms, each 
representing a surface of the solid. 


1%. Finishing the Drawing.—In order to enable the 
draftsman to distinguish the features of a development at a 


a bv’ ¢ a’ a’ 
; | | 


Elevation 
N 
Al lB reve 

: Z glance, it is customary to define the outer 
os edges of such a drawing by means of full 
eed lines, as is shown in Fig. 14. The outer 
edges are further distinguished by small 

D iC : : 
eats arrowheads, while the other edge lines of 


the pattern are marked near each extrem- 
ity by a small circle drawn by freehand methods, in the 
manner shown, thus indicating to the mechanic that the 
sheet is to be bent along this line. It is sometimes desir- 
able. as in detail developments for certain classes of sheet- 
metal work, to designate the stretchout by a line drawn 
with a blue pencil, thus readily attracting the draftsman’s 
attention. 

The mechanic seldom resorts to the drawing board in 
order to produce a development of a simple solid such as 
the cube, since the same result may be accomplished with 
the steel square, the sizes being marked out directly on the 
metal. The development of the cube, however, has been 
shown in these illustrations, inasmuch as by the same princi- 
ples any solid of this class may be developed. It may also 
be stated that the draftsman rarely represents developers 
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or edge lines by the particular lines used for that purpose 
in this section. These distinguishing lines have been 
adopted here solely for the purpose of fixing clearly in the 
student’s mind the principles on which these drawings are 
made. After these principles have been mastered, the use 
of such lines in practical work may be discontinued, and 
the student may then, by the use of light pencil lines only, 
proceed with the development of such other solids as he 
may be called on from time to time to lay out. These 
drawings, when inked in, should be completed in the man- 
ner shown in the illustrations. 


18. Development of Intersected Solids.—In cases 
where the parallel lines of a solid are interrupted by the 


intersection of another solid or by a cut- 
ting plane, it becomes important to follow 
carefully the instructions just given; in 
such cases it is of extreme importance 
that an exact development should be 
made on the drawing board. For exam- 
FIG. 15 ples of the development of such inter- 
sected solids, we will refer to the figures illustrating the 
cutting planes in their effect on the cube, which figures 
have become familiar to the student from their use in Prac- 
tical Projection. Fig. 15 is a reproduction of one of these 
projections, showing the development of the parallel sur- 
faces. Here it will be seen that the development can be 
produced only from the elevation, since the cutting plane 
has altered the solid in such a manner as to admit of par- 
allel lines being drawn in but one direction. 
The stretchout is drawn as before and the width of the 
surfaces spaced off in the usual manner. It will be further 
noticed that, since the edges of the cube are unequal in 
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length, it becomes more important to observe the order of 
the surfaces as they are being unrolled from the solid. 
After the edge lines are drawn in the development, the 
developers are drawn in the same manner as in Fig. 13, but 
with this difference: the lower ends of the edge lines are 
defined by a single developer as before, but it becomes 
necessary to draw a developer from the upper end of each 
edge in the elevation to its corresponding edge line in the 
development. If this is done carefully, it will be seen, 
from a comparison of the surfaces in the development with 
those on the solid in the elevation, that they are in the 
same relative position with reference to one another, 
although reversed. This is clearly indicated in Fig. 15 by 
the use of similar capitals and small letters for the corre- 
sponding edges and edge lines, respectively, in the projec- 
tion and development. Thus, the edge line aa’ represents 
(tHenecdeeuad 0-0 Tepresents: the edeée. 2 etc, “It < willbe 
noticed, also, that those parts of a development that come 
together and form edges or seams are indicated by the same 
letters. A similar principle of lettering these drawings 
will be continued throughout Development of Surfaces, 
since, when once understood by the student, he can study 
the drawings intelligently and with less reference to the 
descriptive text. 

In this drawing of the cube, another fact is presented 
that demands care on the part of the draftsman; that is, 
the outer edge lines in the development must be of the same 
length. It may seem unnecessary to call attention to a fact 
so obvious, since it is very clear that, as the outer edge 
lines represent the same edge of the solid, they swst, there- 
fore, be of the same length in the development. It is, 
however, a cause of frequent error, and is due simply to 
carelessness in drawing the developer to the wrong edge 
line. Great care must be exercised in this respect, since the 
accuracy of a development depends in no small degree on 
this feature. 

A development similar to the one given in Fig. 15 is 


shown in Fig. 16 This development is made from the front 
39—28 
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elevation of the figure in Practical Projection that shows how 


a plane that cuts a cube is represented. 
| c Fig. 15 shows a development made from 

the side elevation of the same figure. An 
A excellent illustration is here furnished of 
the importance of all edges of a solid be- 
ing defined in that view from which a 
development is made., The drawing in 
Fig. 15 represents the cube in such a position that the 
lengths of all its parallel edges are shown, while in Fig. 16, 
the length of the edge B is seen only by the aid of the 
dotted line. In drawings of this class, therefore, all edges 
should be indicated, whether on the side nearest the observer 
or not. In such drawings, however, it is customary to rep- 
resent these hidden edges by dotted lines, in order to avoid 
confusion. 

It frequently happens that the cutting plane so intersects 
the surfaces of a solid as to produce angles at points other 
than at the vertical edges of, the solid. An example of 
this is found in Fig. 17. The method of obtaining the 
development is, in the main, similar to that used in the pre- 
ceding cases. From the plan of the cube in Fig. 17, how- 
ever, it will be seen that points are indicated on the lines 
& Cand C PD denoting the corners, or points, at the extrem- 
ities of the line A L. The distances BK and DL must, 
therefore, be indicated on the stretchout J7 N, as shown at 
xkand/z, the points in each case being located from b 0’ 
and dd' towardscc'. This is because the points K and Z 
approach C in the plan in their distances from B and D, 
respectively; according to the foregoing instruction, it is 
necessary to define them ina position in the development 
corresponding to that represented on the solid. 


D 
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Parallel lines must be produced through the points & and / 
in the same manner as the edge lines were drawn. Ina 
certain way, these lines serve a similar purpose, since they 
are the termination of certain developers; but as it is not 


necessary to bend the surfaces of the 
pattern on such lines, they are distin- 
guished from the regular edge lines by 
the term zzteredge lines. Interedge lines 
are as essential in determining the out- 
line of a development as the edge lines 
themselves, and are to be distinguished on the drawings for 
this section by the dash-and-double-dot line. A comparison 
of the projections with the development in Fig. 17, made by 
looking for similar capitals and small letters in the figure, 
will enable the student to see clearly the manner in which 
the additional spaces are located on the stretchout, and also 
how this development is produced from the elevation. 


19. Importance of Accuracy.—The attention of the 
student has frequently been called to the necessity for accu- 
racy in his drawings. If this is necessary in the case of 
projection drawing, it is doubly important in the case of 
developments. Too much stress cannot be laid on this very 
important feature of the patterncutter’s training. Unless 
his drawings are accurate they are of no value; it is, there- 
fore, of the utmost importance that the patterns for any 
piece of sheet-metal work should be carefully and accurately 
described. The draftsman may thoroughly understand all 
the principles involved in projection drawing and the devel- 
opment of surfaces; but if the work on the drawing board 
has been done in a careless manner, the pattern is as liable 
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ce ce 


to be incorrect as though it had been ‘‘ guessed at,” or ‘‘cut 
and trimmed,” 

There are few solids whose development may be accom- 
plished by the aid of the limited number of lines required in 
the case of the cube. The same principles, however, govern 
all solids of this class, and it is necessary merely to be careful 
and observe the form of the solid as it is shown in the pro- 
jection drawing. The fact that the drawing contains many 
lines should not deter the student from recognizing each 
surface independently of the others, although it may require 


more care on his part to select the correct lines in each case. 


20. The Imagination a Great Help.—The student’s 
imagination will be found to be his best assistant in this 
work, and by the aid of the projections he should picture to 
himself a model of the object represented. Further, he will 
find it a valuable help in being able to imagine the surfaces 
as they would appear if a covering of the solid were unrolled 
and spread out on the drawing board for the development. 
In this way, the corresponding surfaces on the solid and in 
the development may be compared, and the student may be 
able to detect any errors that might otherwise escape him. 


GENERAL RULES FOR OBTAINING PARALLEL 
DEVELOPMENTS 
21. For the convenience of the student, and to aid him 
in the production of developments of solids by means of 
parallel lines, a general summary of the important features 
is here presented. This summary contains the substance of 
the foregoing instruction. 


1. A projection must first be drawn, consisting of a plan 
and elevation, showing the solid in a right position. 


2. The development is always obtained from that view in 
which the parallel lines are shown in their true lengths. 


3. The stretchout is drawn at right angles to the parallel 
lines of the solid. 


and 
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4. To indicate the width and relative position of the sur- 
faces, points are located on the stretchout corresponding to 
the place of those points in a view that represents the sur- 
faces on edge. 


5. Edge lines and interedge lines are always drawn at 
right angles to the stretchout. 


6. Developers are drawn from each edge or interedge 
represented in the projection drawing to the corresponding 
edge line or interedge line in the development. The position 
of points located on these lines is determined in a similar 
manner. 


7. Interedge lines, when necessary for the development, 
must be indicated on the projection as well as on the develop- 
ment, and the same care exercised with the corresponding 
developers as with those drawn from edges to edge lines. 


8. The length of the outer edge lines in a complete 
development must be defined by the same developers. 


These instructions should be carefully observed by the 
student, and if the work involved in the accompanying prob- 
lems is done in accordance with the principles just enumer- 
ated, no difficulties will be encountered that may not be 
readily overcome by careful study and a comparison of 
the drawings with these rules. 


DRAWING PLATE, TITLE: DEVELOPMENTS I 


22. For Development of Surfaces the student is required 
to draw five plates, which are the same size as those drawn 
for Practical Projection and in accordance with the same gen- 
eral instructions. The titles of the plates are given and 
are to be placed and lettered in the same manner as hereto- 
fore. The division lines between the problems are to be 
omitted, and in their place a general arrangement is to 
be followed which resembles the reduced copies of the draw- 
ings shown on the printed plates. The problems should first 
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be drawn on separate paper tothe given sizes. The develop- 
ments may then be drawn in such positions on the plates 
as to present an appearance similar to that of the reduced 
copies. 

These problems consist mainly of developments of solids 
whose projection occupied the attention of the student in 
the study of Practical Projection. They have been selected 
for this purpose because they are representative solids whose 
development affords an illustration of the principles involved 
in patterncutting. The student that desires to pursue the 
study at greater length may find convenient illustrations in 
other objects of frequent occurrence. Desirable practice 
may thus be obtained, and the practical application of the 
principles outlined will serve to fix them more definitely in 
the student’s mind. No insurmountable difficulties are 
likely to be encountered in developments thus undertaken. 
Additional work of this kind should be of the same class as 
the developments-explained in the text. 


PROBLEM 1 
23. To develop the surfaces of a pentagonal prism. 


A perspective view of the prism is presented in Fig. 18. 
The drawing is to be made on the plate 
to the size indicated by the dimension 
figures there given. The completed de- 
velopment is shown at Fig. 1 (a) and (6) 
onthe plate. First draw the plan in 
the position shown and then the eleva- 
tion, according to the givensizes. Next, 
draw the stretchout JZ J, spacing off on 
its length, as previously instructed, the 
width of the surfaces; after this the 
edge lines are drawn, and finally the de- 
velopers. As before, indicate the edge 
lines, and finish this and all drawings in the manner described 
in Arts. 16 to 18. 
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PROBLEM 2 
24. To develop the curved surface of a cylinder. 


EXPLANATION.—No perspective figure is given for this 
problem, the cylinder being 11 inches in diameter and 
13 inches high. Since there are no parallel edges presented 
on the curved surface of the cylinder, it is necessary to 
assume them. When edges are thus assumed for the curved 
surface of any solid, the corresponding edge lines in the 
development are represented in the same manner as for the 
prism. It is unnecessary, however, to designate assumed 
edge lines by small circles, since there is no angular bend- 
ing on such lines when the surface is formed to the shape 
indicated in the projections. 

When it becomes necessary, on account of the intersec- 
tion of another solid or plane with the cylinder, to represent 
intermediate lines, they are then treated as interedge lines, 
the same asfor the prism. Edge lines and interedge lines, 
therefore, bear the same relation to the development of 
curved surfaces as to plane surfaces. But it is necessary to 
exercise more care in the development of curved surfaces, 
since these lines are not so readily distinguished from one 
another as in the case of prisms. Indicators may be marked 
on the outer edge lines; but, since the others are assumed 
merely for the purposes of development, the small circular 
indicators are omitted. In the case of a regular cylinder, as 
in this problem, it is unnecessary to project the edge lines 
to the elevation, and this work may be omitted in the con- 
struction of the problem on the plate. 


ConstTrRucTIoN.—Draw first the plan and elevation shown 
on the plate at Fig. 2 (a), giving the figure the required 
dimensions. Next, divide the outline in the plan into a 
convenient number of equal spaces (in this case 16). Draw 
the stretchout J7 Vas heretofore, and lay off on this line an 
equal number of spaces similar to those on the plan of the 
cylinder; draw the edge lines as shown, and complete the 
development by drawing the two necessary developers from 
the elevation. Then finish the drawing inthe usual mnaner, 
as shown at Fig. 2 (0). 
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PROBLEM 38 


25. To develop the surfaces of an intersected 
octagonal prism. 


Fig. 19 is a perspective view of the prism projected in 
Practical Projection in order to show an octagonal prism 
cut by a plane; the dimensions of the fig- 
ure, however, are slightly changed, as may 
be seen from the plate. The drawing of 
the projections is similar to that in the 
problem referred to and may be com- 
pleted as shown on the plate at Fig. 3 (a). 
This problem requires interedge lines, as 
in the case of the cube in Fig. 17; more 
developers, too, are needed than are used 
for preceding problems. Aside from 
these features, the drawing does not 
differ materially from those that have pre- 
ceded it. After developing the stretch- 
out, as in previous problems, and drawing 
the edge lines and interedge lines at right angles to the 
stretchout, developers are drawn from the several points 
indicated in the elevation; viz.,.", DD’, C’", etc: as shown: 
Care must be used to terminate each developer on the line 
corresponding to each edge or interedge, as the case may be. 

After this development is completed, the student may 
derive some assistance by cutting out a paper model accord- 
ing to the lines indicated and bending it to conform to the 
octagonal prism; he should then understand exactly what is 
implied by the operations that have been explained. 


PROBLEM 4 


26. To develop the curved surface of an inter- 
sected cylinder. 


Fig. 20 isa perspective drawing of the intersected cylinder 
required for this development; the dimensions in Fig. 4 on 
the plate indicate the size the drawing must appear thereon. 
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This problem is very similar to Problem 2, the only difference 
being that it is necessary to project the edge lines to the 
elevation in order to obtain the points of 
their intersection with the cutting plane. 
From these points developers are drawn 
to their corresponding edge lines in the 
development. The curve traced through 
points of intersection in that portion of the 
drawing is the upper outline of the devel- 
opment. This drawing being fully shown 
on the plate at Fig. 4 (a) and (4), the stu- 
dent should have no difficulty in comple- 
ting the problem. Since the cutting plane 
in this problem is at an angle of 45°, the de- 
velopment may be used as a pattern for a two-pieced elbow. 


PROBLEM 5 

2%. To develop the surfaces of two intersecting 
eylinders. 

ExpLANATION.—Fig. 21 is a perspective view of intersect- 
ing cylinders. Since the two cylinders are of the same 
diameter, their axes intersecting, the lines of intersection 
are represented on the drawing by straight lines. 

ConstTrucTIon.—The projections shown on the plate at 
Fig. 5 (a) are first completed and an end view of the 
shorter cylinder projected as shown at (@). 
The outline of each cylinder in that view 
in which it is represented as on edge is 
then divided into a similar number of 
equal spaces (16 in Fig. 5). The points 
thus located for the purpose of represent- 
ing the assumed edges are then projected 
from each view tothe elevation. Stretch- 
outs ZN and MN’ are then developed, 

FIG. 21 and edge lines are drawn perpendicular to 
the stretchout in each development. Developers may now be 
drawn from the ends of all assumed edges in the elevation 
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to their corresponding edge lines in the developments. 
Note that in the development of the vertical cylinder the 
outline of the intersection of the horizontal cylinder is 
projected to any set of edge lines desired, the position 
of the outline of the opening being optional with the 
draftsman. 

The development of the intersecting cylinder could be 
drawn from either the plan or the elevation in this case, 
since the true length of the parallel lines of that solid is 
shown in either view; for the sake of the appearance of the 
drawing, it is developed from the elevation. The develop- 
ment of the intersected solid is here shown to be a parallelo- 
gram having an irregularly curved portion outlined in the 
central part of the figure. It may be seen that the plan of 
the cylinders is not absolutely necessary for this develop- 
ment, since the edge lines from each circle intersect in the 
same points on the line of intersection of the two cylinders. 
In the practical work of such developments, therefore, one 
of the full views may hereafter be omitted. 


28. Recapitulation.—These five problems are to be 
copied on the plate in the relative positions indicated on the 
printed copy. Care should be exercised that the figures 
when completed occupy central positions on the plate, and 
an equal distance should be left on all sides of the drawing. 
The plate will then present a neat appearance, and the 
developments may be easily distinguished from one another. 
When finishing these drawings on the plate, the various 
features are to be represented as follows: 


Represent the boundaries of figures and all visible parts 
of solids by light full lines. 


Hidden edges and hidden intersection lines should be 
represented by light dotted lines. co i 


Projectors, as heretofore, are to be indicated by dot-and- 
dash lines. 


Edge lines are indicated by dot-and-dash lines, used also 
for projectors. 
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Interedge lines are indicated by dash-and-double-dot 
lines. “s * is vA a a Abo yres ad 


Represent developers by brokem lines: === 


Represent the stretchouts by heavy full lines. 


DRAWING PLATE, TITLE: DEVELOPMENTS II 


PROBLEM 6 


29. To develop the surfaces of two intersecting 
prisms. ; 


The prisms developed in this problem are the octagonal 
and quadrangular solids whose projec- 
tion was given in Practical Projection 
in order to show views of intersecting 
prisms. 

Construction. —The development 
of Case I of that problem is shown in 
Fig. 22. Note that interedge lines are 
required for the development of both 
solids, their positions being found by 
projectors drawn from the different 


views of the drawing to the full 

view of the end, as shown in 
Fig. 22. 

Case II of the problem referred 

to is developed in a similar man- 

ress ner. A drawing of the latter will 

form the first development for this plate, and the projections 
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are accordingly reproduced as shown at Fig. 1 (@) of this 
plate. In order to avoid confusion of lines, projectors are 
sometimes drawn as shown on this plate; that is, only their 
starting points are indicated, as between the two views of 
the octagonal prism in this drawing. Next, develop the 
stretchouts for the two solids, as at J7 NV and J/' N’, and 
draw edge and interedge lines through their respective 
points. The positions of the interedge lines are found by 
projecting the point A in the plan across to the full view, 
as shown at (d), afterwards locating the points * and y 
at x’ and 7’ in (@'); thence, they are projected to the eleva- 
tion and carried to the development in the usual manner, 
the resulting figures at (4) and (c) completing the develop- 
ment of the solids. 

The development of Case ITI of the problem in Practical 
Projection forms the second part of this problem. These 
projections are reproduced in Fig. 2 on the plate at (a). 
In this case, the axes of the solids do not coincide, and the 
problem has an appearance of greater complication than 
the drawing in Fig. 1. It is necessary to trace out the line 
of intersection very carefully, and if this is done, the draw- 
ing of the remainder of the problem will be comparatively 
easy. The interedge lines are determined in the same man- 
ner and are shown on the plate by similar letters. The 
method of procedure is precisely the same as already 
explained, the resulting developments at (0) and (c) com- 
pleting the problem. 

In drawings of this class, the student will perceive that 
the true length of the parallel lines is found by projection 
drawing. The.application of the rules found under the 
heading ‘‘ General Rules for Obtaining Parallel Develop- 
ments” is then sufficient for the development of any solid; 
and if this application is carefully made, the student will 
meet with no obstacles that may not be readily overcome. 


30. Development of Intricate Solids.—In the process 
of developing intricately formed solids, it becomes neces- 
sary to exercise diligence and caution in the observance 
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of the regular order of unrolling the surfaces on the stretch- 
out and carefully to draw the developers to their corre- 
sponding edge lines in the development. Note that in 
order to obtain the outline of the development for the inter- 
secting solid at Fig. 2 (c), a separate developer is required 
in the case of each edge or interedge of the solid. 


DRAWING PLATE, TITLE: DEVELOPMENTS III 


PROBLEM 7 
31. To develop cylinders that intersect irregularly. 


This problem is a development of the cylinders projected 
in Practical Projection to show views of intersecting cylin- 
ders of unequal diameters. 


ConstRucTion.—The principles are the same as those 
governing previous developments, but since many lines are 
required for the drawing, the student should carefully fol- 
low the directions in the order stated. Draw, first, the 
projections as at Fig. 1 (@) of this plate and carefully 
indicate the line of intersection of the two solids. The 
development of the smaller cylinder is then made. Space 
the outline of the full view as at (4) and (0’), using 16 spaces; 
number these points in a corresponding manner, as shown, 
and project them to their adjacent views. Designate the 
intersections in the different views by similar numbers, to 
avoid confusion. Develop the stretchout J7 JV in the usual 
way; draw edge lines and, afterwards, developers, as shown 
on the plate. The development at (c) is thus completed, 
the irregular outline there shown being the pattern for the 
surface of the smaller cylinder. This part of the work may 
be completed without reference to the larger cylinder. In 
fact, it may be considered as a separate drawing, and the 
student should take no notice of any other lines on the 
drawing except those pertaining to the smaller solid. In 
this way he will accustom himself to working on drawings 
that overlap one another. = 
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A saving of the draftsman’s time is often effected by 
thus making developments over other portions of the draw- 
ing, for if this were not done, a separate projection would 
be required for each development. The large number of 
lines on the drawing is, however, apt to be confusing to the 
beginner, and is frequently a cause of error when the draw- 
ing is transferred to the metal. Unusual care must there- 
fore be taken in such cases. 

The development of the smaller cylinder being completed, 
attention is directed to the larger solid. It is evident that 
the outline of the development of the larger cylinder will be 
a parallelogram having an irregularly outlined portion in 
some part of the figure. Reference to the plan indicates 
that the edges assumed for the smaller cylinder intersect the 
surface of the larger at 9) 20~. 17,-12, 13, 14; 15,16, and= 2. 
the total distance from 9 to J being one-quarter of the 
length of its outline. These points may now be assumed as 
the edges for that portion of the surface of the larger cylin- 
der, the remainder being spaced off in the usual manner, as 
A, B, C, etc. Any convenient point on the outline max be 
taken as the starting place for the stretchout, the extreme 
upper point of the plan at A being selected in this case. 
Since the intersections occur only on the assumed edges that 
are indicated by the xumbered points, the drawing of the 
edge lines in the development may be omitted through the 
lettered points, the outer edge lines alone being necessary to 
define the size of the parallelogram. Developers are then 
drawn from the same points of intersection in the elevation 
used for the development of the smaller cylinder, care being 
exercised that they extend to their corresponding edge lines 
in the development of the larger cylinder, as shown on the 
plate at Fig. 1 (d). * 


*It will be noted during the drawing of this development that the 
stretchouts of these cylinders are measured as chord distances. The 
lengths in (@) for the large cylinder, therefore, will be slightly different 
as measured from a to / when comparison is made with the length 7 to 
9, and, correspondingly, from 4 to H. The student should understand 
that in actual shop practice these chord distances are equally spaced in 
all quadrants in order to overcome this difficulty. The difference is, 
however, so slight in this drawing that no allowance is necessary. 
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PROBLEM 8 


32. To develop an octagonal prism and an intersect- 
ing cylinder. 


ExpLANATION.—The projections given in Practical Projec- 
tion to show views of a prism intersected by a cylinder are 
redrawn for this problem. The development of the cylinder 
is very similar to that of the smaller cylinder in the prece- 
ding problem, as shown at Fig. 2(c). Note that the edges 1 
and 9, assumed on the surface of the cylinder, coincide with 
the edge C of the prism ; this simplifies the development, 
and the student will have no difficulty in completing the 
work at (c), it being similar to that described in the preceding 
problem. 


ConsTRUCTION.—Since the development of one-half of the 
prism will serve to illustrate the principles of this problem, 
four sides only need be laid out on the stretchout. In this 
case, the edge lines are to be drawn and indicated as such, 
in order that the distinction between them and the inter- 
edge lines may be clearly marked, in accordance with the 
instructions given under the heading ‘‘ Development by 
Parallel Lines.” After developing the stretchout as shown 
at (d), the completion of the development is made in the 
same manner as heretofore. 


PROBLEM 9 


33. To develop the surfaces of a cylinder inter- 
secting a sphere. 


EXPLANATION.—The projections of the sphere intersected 
by a cylinder that were drawn for Practical Projection are 
here reproduced at Fig. 3 (a) on the plate, but to a smaller 
scale. This problem introduces no new element in the 
development of solids by parallel lines. It is given a place 
in this instruction merely to show the student that, while 
the task of finding the line of intersection of parallel-lined 
solids with solids of other classes may depend on various 
principles of projection drawing, their development after this 


36 DEVELOPMENT OF SURFACES $17 


line has been produced is the same in all cases. After the 
completion of the projections, the outline of the cylinder, as 
shown in the plan, is divided into spaces by locating a con- 
venient number of points ; this number is always optional 
with the draftsman, it being customary to take as many as 
are required for accurate development ; for, of course, the 
more points there are, the greater will be the accuracy. 


Consrrucrion.—In this case, as in the case of all symmet- 
rical solids, it is necessary to locate points on but one-half of 
the outline, since their projectors, if produced, will fix cor- 
responding points on the remaining portion of the outline. 
The assumed edges are then projected to the elevation and 
their intersections with the sphere carried by developers to 
the development at (0). A similar development may be 
completed at (4') by producing the edge lines to that figure 
and drawing developers as shown, completing the problem. 

The stretchout line has been prominently used in these 
problems. In many cases it may be convenient to develop 
the stretchout on one of the lines used for developers, thus 
avoiding an additional line on the drawing. Generally, in 
sheet-metal work, it will be found preferable to give the 
stretchout line the same prominence as in these problems, 
for reasons that will be apparent in the student's later work. 


DEVELOPMENT BY RADIAL LINES 


34. Relation of the Pyramid to the Cone.—We 
now come to the second general division of those solids 
whose development may be accurately accomplished—that 
is, solids developed on radial lines. It is here proposed to 
show the relation borne by the pyramid to the cone, since 
the methods of development of both solids are similar. In 
the development of the cylinder, its curved outline was 
divided by points into a number of equal parts. These 
points in the plan were then projected to the elevation and 
there considered as assumed edges; in other words, the 
cylinder was treated as a many-sided polygonal solid, this 
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solid appearing inscribed within the cylinder. In a similar 
manner we shall now consider the pyramid as an inscribed 
solid in its relation to the cone. This may be better under- 
stood by reference to Fig. 23 (a), (4), and (c). 


Fic. 23 


The removal from the cone at (a) of the pieces marked x 
leaves a solid that may be recognized as a quadrangular 
pyramid—better shown at (0), the pieces being removed 
and shown in an adjacent position. The illustration at (c) 

39—29 
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is a perspective elevation of the parts shown at (@) and (4), 
and is introduced for the purpose of showing the relation 
between the cone and the pyramid to better advantage. 
Comparing these two solids in the figure, it will be seen that 
the edges of the pyramid at (4) correspond to certain elements 
of the cone at (2). Further, it will be seen that, if the cone 
is covered with paper, as in Fig. 24, and the position of the 
elements noted, the paper afterwards being unrolled as 
shown, the elements may be imagined as leaving their 
imprint on the paper, as at 0 a, 0d, etc., Fig. 24. The posi- 
tion of these imprints will correspond relatively to the loca- 
tion of the elements on the surface of the solid. A figure 
similar to the unrolled covering may be described by the aid 


FIG. 24 


of the compasses, the boundaries of the development being 
defined by the position of any element chosen at pleasure, 
notice being taken of the first and last contact of such ele- 
ment with the drawing during a single revolution of the 
cone. The radius of the arc thus described is always equal 
to the true length of an element, while its /ength is equal to 
the circumference of the base of the cone. 

Suppose, now, that the surface of the pyramid shown at 
Fig. 23 (0) is covered in a similar manner, the covering being 
afterwards unrolled as shown in Fig. 25. It will be found 
that an are described with a radius equal to that used for 
the development of the cone in Fig. 24—that is, equal to the 
true length of an edge of the pyramid—will pass through 
the points a, 4, c, d, and a’, representing the lower extremi- 
ties of the upright edges of the pyramid. These points are 
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equally distant from one another as measured on the arc. 
This may be proved by setting the dividers at a distance 
equal to the length of the base edge of the pyramid and 
stepping off the spaces on the arc. The only difference 
between the developments for these two solids lies in the fact 


FIG. 25 


that, for the cove, the development is defined by the circular 
arc, while in the case of the pyramid, straight lines are 
drawn between the points a, 0, c, etc., as shown in Fig. 25. 
These developments will be completed in a later problem. 


35. Stretchouts for Radial Solids.—Since the dis- 
tance around the bases of the cone and the pyramid may 
be measured on an arc whose radius is equal to the length 
of one of the elements of the cone (or, in the case of the 
pyramid, to the length of one of its upright edges), such 
an arc may be described for the stretchout of these solids. 
The measurement around the solid being taken on a partic- 
ular line, or base plane, it may here be observed that any 
real or assumed base plane of a cone or pyramid may be 
treated in 4similar manner. The length of the radius by 
which the stretchout is described must in all cases be 
equal to the true length of the elements in that portion of 
the solid. 

This is illustrated in Fig. 26, the cone O A BZ being devel- 
oped along astretchout described with the radius OL. An 
assumed base may be taken at C DY; an arc is then described 
from the center O with the radius O D (O D being the true 
length of the elements of the cone OC /). If the width 
of a space between the elements on the assumed base CD 
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(measured on the plan) is taken in the dividers and spaced 
off on the arc DF, the spaces will be found to coincide with 
the intersection of the elements in the development drawn 
from the arc B &. The same will be found true for any ° 
right base that may be assumed for the cone. Asa matter of 
precaution, it is customary, when drawing developments of 
the radial solids, to de- 
scribe the stretchout 
with as long a radius 
as possible, usually not 
exceeding the length of 
the elements or edges 
shown in the draw- 
ing. For reasons that 
will be shown during 
the construction of the 
problems, it is con- 
venient to locate the 
center for describing 
the stretchout at the 
vertex of the solid. 


36. Revolution 
of Radial Solids.— 
During the study of 
projection drawing, it 
was learned that meas- 
urements for all dis- 
tances and the _ posi- 
tion of points on the 
surfaces of cones and pyramids—radial solids—are deter- 
mined by means of their radial lines, or elements. The same 
principle must be adhered to when developments of such. 
solids are produced. It is essential, therefore, that these 
lines should be shown in their true lengths on drawings from 
which such developments are produced.. This will necessi- 
tate much work on the part of the draftsman, especially if 
the surfaces are in any way irregular or are intersected by 


FIG. 26 
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other solids. To overcome the necessity for drawing a 
number of views, advantage is taken of a principle that 
may be observed during the revolution of the solid. This 
revolution is effected in a very simple way on the drawing 
board, and an illustration of the method used is furnished 
in Fig. 27. The student will understand, from an inspec- 
tion of that figure, that if the cone O A B is revolved on 
its axis in the direction of the arrow, the motion of any 
point on its surface will be indicated on the elevation by 
a horizontal line. When any elements of the cone are in 
the positions occupied by the elements O A and O B&B, their 
true lengths are shown on the elevation, and measurements 
may, therefore, be taken from such lines or from any points 
located on these lines. Lines in this position may be called 
true edge lines, their use under this name being peculiar to 
the radial solids. 

When developing the surfaces of pyramids shown in cer- 
tain positions, it is sometimes necessary to draw this true 
edge line independently of the figure. A problem illustra- 
ting this principle is given on the following plate. Since the 
elements of a cone are equal in length, 
the position of any point that may be 
located on any of these elements (as 1, 
located on the element O C, Fig. 27) 
may be projected in a horizontal direc- 
tion to the true edge line at +’, and its 
correct distance from the vertex O be 
there ascertained. The point x, there- 
fore, could be projected to either ele- 
ment OA or O 8, but the supposed rev- 
olution is generally represented as being 
made towards the true edge line that is 
nearest the point whose location it is de- 
sired to determine, although in Fig. 27 
the point + is moved in the opposite 
direction. Thus, in Fig. 27, if it is de- 
sired to determine the exact distance of 
the point + from the vertex O, the Fic. 27 
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horizontal line x x” is drawn in the elevation, and the distance 
from the point QO to the point x'’ is then the exact, or true, 
distance between the two points. The same result would 
be obtained if an elevation were drawn showing the ele- 
ment OC in its true length; but as seen from the foregoing 
explanation, the method here explained is much shorter and 
better adapted to the wants of the draftsman. 


37%. Use of Construction Lines.—In the development 
of radial solids, the same construction lines are used as in 
obtaining the developments for parallel solids, although in a 
slightly different manner. Since the stretchout line has 
been shown in its adaptation to the development of these 
solids, it may be represented in a similar manner on the 
drawings. Developers also are indicated by the same kind 
of broken lines used in the preceding class, but, like the 
stretchout, they are described in the form of arcs, and must 
be produced from an element or edge that is shown in its 
true length. In a similar manner, these developers are 
drawn to the development, arcs being described extending 
from points on edges or interedges, as the case may be, to 
their corresponding edge lines or interedge lines in the 
development. When edge lines and interedge lines occur, 
they converge to a point, and are the radial lines by which 
this class of solids is distinguished. Such edges and inter- 
edges are represented by lines similar to those used for the 
same purpose in parallel developments and refer to the same 
corresponding portions of the solid. 


GENERAL RULES FOR OBTAINING RADIAL 
DEVELOPMENTS 

38. A slight modification of the rules for obtaining 
developments on parallel lines is here applied to the develop- 
ment of radial solids. In connection with the foregoing 
instruction, a comparison of the two sets of rules will 
enable the student to understand the principles by which 
these developments may be accomplished, 
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1. A projection must first be drawn, consisting of a plan 
and elevation and showing the solid in a right position. 


2. The development is always obtained from that view in 
which the axis of the solid is shown in its true length (since 
the revolution of the solid may not readily be shown in any 
other view). 


3. The stretchout is described with a radius equal to the 
length of the true edge of the solid. Its center may be 
conveniently located at the vertex. 


4. To indicate the width and relative position of the sur- 
faces, points are located on the stretchout corresponding to 
the position of those points on-the outline of a sectional or 
base view. ‘This view must be taken at right angles to the 
axis of the solid, the distance from the vertex being deter- 
mined by the length of the true edge lines in the elevation. 


5. Edge lines and interedge lines are always radii of the 
stretchout arc. 


6. Points located on the surface of the solid must be pro- 
jected to the true edge line by projectors drawn at right 
angles to the axis. 


%. Developers are described with radii equal to the dis- 
tances on a true edge line from the vertex to the points pro- 
jected to such edge line. Each developer extends thence 
to its corresponding edge line or interedge line in the 
development. 


8. Interedge lines, when necessary for the development, 
must be indicated on the projection as well as on the develop- 
ment. Points located on such lines are projected to the 
true edge lines and thence developed in the usual manner. 


9. The lengths of the outer edge lines in a complete 
development of a solid must be defined by the same 
developers. 

The application of these rules will be made apparent to 
the student in the construction of the following problems, 
which involve the development of radial solids, 
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DRAWING PLATE, TITLE: DEVELOPMENTS IV 


PROBLEM 10 


39. To develop the surface of a cone. 


ConsTRUCTION.—Draw a plan and an elevation of the cone, 
as shown at Fig. lon the plate. The cone is there shown 
in a right position, the dimensions being 14 inches in diam- 
eter at the base and 2 inches high. The true length of its 
axis is shown in the elevation, and the development is there- 
fore made from that view. Divide the outline of the base in 
the plan into a convenient number of equal parts (in this 
case 12); from the vertex O”’ of the cone as a center, describe 
the stretchout are 4’ a’ with a radius equal to the true length 
of the elements of the cone (that is, the distance O’ 4’ in 
the elevation). With the dividers, take the length of one of 
the equal spaces in the plan, and, starting at a convenient 
point on the stretchout, as at @, step off spaces equal in 
number to those on the plan, thereby making the length of 
the stretchout equal to the circumference of the base of the 
cone. From each of the points thus located on the stretch- 
out, an edge line may be drawn to the vertex O'; but since 
there are no points on the surface of the cone that it is desir- 
able to locate in this instance, only the outer edge lines a O' 
and a’ O' need be inked in on the drawing. These lines are 
to be further indicated by means of the small arrowheads 
(as in the case of parallel solids) illustrated on the plate 
in Fig. 1. This completes the development. 


PROBLEM 11 


40. To develop the surfaces of a quadrangular 
pyramid. 


ConstTRuUCTION.—This development is shown on the plate 
at Fig. 2, the right plan and elevation being first drawn 
according to the dimensions given in the figure. It will 
be seen that the true length of the edge is shown in the 
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elevation; the stretchout may, therefore, be described as in 
the case of the cone in the preceding problem. After set- 
ting the dividers to the width of one of the base edges shown 
in the plan at A 4, Fig. 2, begin at @ and step off on the 
stretchout line spaces equal in number to the base edges 
of the pyramid. Thus, points are located at a, 4,c, d, anda’. 
Draw lines connecting these points in the manner shown, 
and draw other lines from each of these points to the 
vertex O’. In this case the edge lines must be drawn in 
the development, since there are actual edges on the solid; 
besides, it is necessary to define those portions of the devel- 
opment as indicated on the plate. Complete the drawing 
in the manner shown, the outline O'adcda' being the 
development of the pyramid. 


PROBLEM 12 


41. To develop the surfaces of an octagonal pyra- 
mid. 

ExpLANATION.—The base of the pyramid whose dimen- 
sions are given in Fig. 3 on the plate is not a true octagon, 
the alternate sides only being equal. It will be seen, 
however, that the octagon may be circumscribed by a 
circle: that is, a circle may be described’ in the plan 
from the center O with a radius OA, whose outline will 
pase through ‘all othe points’ A, 2/0, DO, etc.; therefore, 
the development of the solid may be accomplished by this 
method. 


ConstrucTion.—The true length of the edge lines is not 
shown in either view presented, and it is therefore necessary 
to draw a line that will represent the true edge in the eleva- 
tion. This is found as follows: From O as a center, with 
the radius OH, describe the arc H fH’, intersecting a 
line O H' (drawn parallel to the base line of the front eleva- 
tion) at H/'; project the point 7’ to the base line of the 
front elevation (extended) at H"; O’ Hf" is then the true 
length of an edge of the pyramid, and is, at the same time, 


46 DEVELOPMENT OF SURFACES $1” 


the length of the stretchout radius. Next, describe the 
stretchout with this radius from the vertex O’ as a center; 
then space off the width of the surfaces shown on the base 
in the plan, as at a, #, g, f, etc., and complete the develop- 
ment as directed in the preceding problem. 


PROBLEM 138 


42. To develop the surfaces of an irregular frus- 
tum of a hexagonal pyramid. 


ConsTRUCTION.—The projections shown in Fig. 4 on the 
plate are first drawn in accordance with the dimensions 
there given, thus producing a right plan and elevation of 
the frustum. In this and all similar developments, it is- 
desirable to extend the edges of the pyramid to the vertex 
of the solid. Since the drawing does not show the true 
length of the edge, this must first be found by the method 
described in the preceding problem, and produced as shown 
in the elevation at O'a. The pointsin the upper portion of 
the solid, at 4’, C’, D’, are then projected to the true edge 
line at B’, C”, and D”. The stretchout is next described 
from O’ as acenter witha radius O’a; the widths of the sur- 
faces are then laid off at a, 0, c, d, etc., and the corresponding 
edge lines are then drawn. Developers are now described 
from 8B”, C", and D", as previously directed, the intersec- 
tions with their corresponding edge lines being noted at 
b'a', c' f', and d'e’. Complete the development by drawing 
its full outline and adding the indicators in the manner 
shown. 


PROBLEM 14 
43. To develop an irregular frustum of a cone. 
Two developments are required for this problem, one of 


them being fully described and the other to be drawn by the 
student as a test of his advancement. 
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ConstTRucTion.—The projection drawings for the first 
development are shown on the plate at Fig. 5, that portion 
of the cone representing a parabolic section being presented 
for development. In this, as in the preceding case, the 
completion of the figure, as shown by the broken lines, must 
first be made. Proceed then as if the complete cone were 
to be developed; that is, divide the outline of the base in 
the plan into a number of equal spaces, observing that cer- 
tain of the points fall on the ends of the parabolic curve (as 
at Fand # in the plan, Fig. 5). The elements of the cone 
are then produced in the elevation, their intersections with 
theedeecior the trustum at 6”,-c-, 2’, etc., being: then’ pro- 
jected as before to the true edge line. As in former prob- 
lems, the stretchout is next described and spaced off, and 
edge lines are drawn. Developers may now be described 
as shown on the plate and the development completed in 
the usual manner. The irregular curve is now traced 
through the points thus determined. The projection draw- 
ings for the second ,development of this problem are shown 
on the plate at Fig. 6, and, since the methods used are the 
same as in the case just described, the development may be 
completed by the student without further instruction. 


PROBLEM 15 
44, To develop the surfaces of intersecting cones. 


The projections for this problem are shown on che plate 
at Fig. 7% They should first be carefully drawn by the 
student, the line of intersection being accurately determined 
by the method for finding the intersection of two cones that 
was given in Practical Projection. After this line has been 
found, all construction lines used in the projection should 
be erased from the drawing; if this is not done, confusion 
is liable to result. 


ConstructTion.—The development of these surfaces does 
not differ materially from those in the preceding problem, 
as an inspection of Fig. 7 will indicate. First draw the 
development of the surface of the smaller cone; extend the 
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edge lines in the elevation to the vertex O’, as shown; 
extend them also to the assumed base ae and produce the 
full view of the base in the manner indicated by the broken 
lines at (7), using only one-half of the circumference. The 
semi-circumference is then spaced off as at a, 0, c, d, and e; 
6, c, and dare then projected to the base line a e; and the 
elements 0’ O', c’ O', and d' O' are drawn as shown. The 
intersections of these elements with the line of intersection 
of the two solids are then projected to the true edge of the 
smaller cone, ata@’’, 6’, etc. A stretchout for this solid is next 
described from the vertex O' asa center with a radius O' e; 
the points a, b,c, etc. at (0) are located by spacing the 
stretchout; and the distances a0, dc, etc. are taken from 
the full view at (z). Next, draw the edge linesa O’, 0 O'",c O’" 
etc. at (0); and from points a”, 6", etc. describe developers 
in the manner shown. The irregular curve at (0) is then 
traced, completing the development for this solid. 

As a matter of convenience in this case, the development 
of the larger cone, or, rather, as much of its surface as will 
show the opening made by the intersection of the smaller 
cone, may be drawn to the right of the projections, as at (c). 
Now draw the horizontal center lize in tho plan and from 
the center of the plan draw a line tangent to the line of 
intersection of the cones, marking the point where this line 
meets the base 4’. Divide Z'—4’ into a convenient number 
of parts (in this case 3) and project the points J’, 2’, 3’, 4’ to 
the elevation. Draw elements from O” to the projected points 
and mark the points where these elements cross the line 
of intersection “of ‘the-cones*/, 2,43, +455, «Gand. 7.05 the 
points 7’, 2’, 3’, 4’ in the plan establish the width of the 
spaces that shall be stepped off on the stretchout. Describe 
the stretchout from the center O'’, as shown at (c), and on 
this line set off the spaces determined in the plan at 1’, 2’, 3’, 
and 4’, and repeat them on both sides of the edge line 7 O”, 
as indicated at (¢) Project the points J, 2, 3, etc. to the 
right-hand true edge line of the elevation and carry them 
thence, by developers, to the drawing at (c), completing the 
development as there shown. 
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The student will readily perceive that if the line of inter- 
section of the two cones is not correctly drawn, the true 
development cannot be produced, since the drawing depends 
entirely on the line thus determined. If these points ‘are 
incorrectly located, the development is necessarily wrong. 
The importance of having a correct projection is thus evident. 


45. How to Recognize Radial Forms.—Since many 
objects of frequent occurrence in the trades are portions of 
the cone or pyramid, the student should familiarize himself 
with the appearance of such frustums. Many objects rep- 
resent a combination of the surfaces of cones of unequal 
sizes, and at first sight it might appear that their develop- 
ment should be produced only by triangulation. But an 
experience in the projection of cones and conic sections will 
often enable the student to refer such sections to the appro- 
priate form, in many cases thereby avoiding a tedious proc- 
ess of development. 

The representation of the elements of the cone in both 
plan and elevation will determine the method to be used in 
the development of a given solid. Ina certain case, a num- 
ber of vertexes may be defined; each cone is then to be 
traced out carefully and the development of its surface made, 
or as much of that surface as is required for the object in 
view, the operation being similar to that of the preceding 
problems. 


TRIANGULATION 


46. Elementary Principles. — Triangulation — the 
process by which the development of solids belonging to the 
third general division is accomplished—is generally regarded 
by sheet-metal workers as particularly intricate and difficult. 
It is, on the contrary, a very simple method of develop- 
ment, and should, to the student that thoroughly under- 
stands the principles of projection, present no serious 
obstacles. This process depends for its results on two gen- 
eral principles, both of which have been mentioned in this 
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section: first, to find the true length of all lines, real or 
assumed, appearing on the surfaces of the solid; second, 
having determined the true length of such lines, to con- 
struct triangles similar in form and relation to those shown 
on the solid. 

Certainly, the construction of a triangle whose three sides 
are given is not a difficult problem; and the task of finding, 
from the projection drawing, the true lengths of its sides 
involves nothing but the elementary principles of that 
study. Having found the true lengths of the sides of such 
triangles as are involved in a development, nothing appar- 
ently remains but to show the method of arranging the 
triangles in their proper relation to one another on the 
different surfaces of the solids. Since this is naturally sug- 
gested by the shape of the solid itself, several solids are 
presented in the accompanying problems, from the study of 
which the student should learn to apply the principles to the 
development of any solid of this class. 


4%. WWl0ustration of Methods Used.—This method of 
development has been previously mentioned, and while this 
principle of patterncutting is 
usually applied to solids having 
curved surfaces, it is best illus- 
trated by its application to a 
solid having plane _ surfaces. 
Such a solid is shown in Fig. 28, 
where a perspective view is given 
of what may be termed a ¢ransition prece—that is, a piece 
used to connect openings of different sizes, as in pipework. 
Both bases are rectangular and in this case parallel, but 
diagonally arranged in their relation to each other, as may 
be seen from the figure. 

It is at once seen that none of the methods described 
under the headings of parallel- or radial-lined solids will 
apply to the development of the lateral surfaces of this solid, 
although it is possible to project a full view of each of the 
surfaces shown in the figure. Since this would require an 


FIG. 28 
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unusual amount of work on the part of the draftsman, the 
following process, admitting of more rapid application, is 
presented. 


48. Determining the Triangles.—Clearly, a repro- 
duction of these triangular surfaces on the flat surface of 
the drawing board, in the same corresponding relation with 
reference to one another, will be a development of the solid. 
Apparently, the only difficulty that presents itself is the 
fact that, in certain cases, the sides of the triangles are not 
shown in their true lengths. It is necessary to determine 
the true lengths of all lines, in order that the triangles may 
be constructed of the same size as they are on the surfaces 
of the solid. 

As in all cases where a development is desired, a right 
plan and elevation must first be drawn. This is shown in 
Fig. 29, and from that illustra- 
tion it is seen that all lines of 
the solid that appear on either 
base are shown in their true 
lengths. It is therefore neces- 
sary, before the triangles may 
be produced, to determine the 
true lengths of the remaining 
lines of the solid. As mentioned 
in Practical Projection, this is 
most readily accomplished by 
constructing in each case a 
right-angled triangle whose base 
is equal to the length of any 
foreshortened line in the plan, 
and its altitude to the vertical 
height of the same line, as shown in the elevation. The 
hypotenuse of such a triangle will then be equal to the true 
length of the line. Inthiscase, the lines d 1, DH, AL, B 4, 
etc., foreshortened in the plan, are all represented by lines 
of the same length. The vertical height J/, Fig. 29, is the 
same in the case of each line. 


FIG. 29 
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A single triangle constructed by the above method, there- 
fore, will be sufficient to indicate the true length of all lines 
not shown in their true length in Fig. 29. 

| Such a triangle is constructed in Fig. 30; 
the base of the triangle 4 #7, Fig. 30, is 

equal to the length,of A A, Fig: 29) the 
altitude J7 being the same as J, Fig. 29. 
A 4 The hypotenuse of this triangle is therefore 
1h the true lengths of the lines A A, DZ, etc., 

as shown in Fig. 29. The true lengths of all lines border- 
ing the triangular surfaces of the solid shown in Fig. 29 
having been found, the triangles may now be constructed 
on the drawing, care being observed that the adjacent 
triangles are completed zz the same order as they are shown 
on the solid. Any edge of the solid may be assumed as a 
starting place for the operation; the true length of such an 


Fic. 31 


edge is then laid off on a line as at A Z, Fig. 31. The tri- 
angle A £ B, Fig. 31, is first constructed; the length of the 
side A £ being laid off, and BZ, Fig. 29, being of the same 
length, an arc may be described in Fig. 31 from E as a cen- 
ter, with a radius equal to EA. Intersect this arc at wi 
Fig. 31, with one described from A as a center, with a 
radius equal to A B, Fig. 29. Draw AB and Bends 
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developing the triangle A Z B, Fig. 31, which is the correct 
development of the surface A Z B, Fig. 29. 

The adjacent triangle & BF, Fig. 31, may next be con- 
structed. Since BF is equal to B £, Fig. 29, an arc may be 
described in Fig. 31 from Bas a center, with a radius BE; 
this arc is then intersected by an arc described from Z as a 
center, with a radius equal to the length of EF, Fig. 29, 
thus developing the triangle E BF, Fig. 31, which corre- 
sponds to the surface £ BF, Fig. 29. In like manner, each 
surface of the solid is developed, due care being observed 
that adjacent triangles are placed in corresponding positions 
in the development. . 


49. Completion of the Drawing.—The completion 
of the drawing is made in a manner somewhat similar to 
parallel and radial developments; that is, the edge lines may 
be indicated as in those methods, the outer edges being 
denoted by full lines and those lines on which bends are to be 
made when the flat surfaces are formed up being designated 
by the customary indicator circles. It will thus be seen 
that no new principles are required to produce developments 
by this method. A careful observance of the different por- 
tions of the drawing is required, since an object as simple 
as that shown in Fig. 29 is seldom met in practice. The 
same methods are used, however, and should be readily 
understood by the student and applied to the drawing in the 
same manner as has been shown. 


DRAWING PLATE, TITLE: DEVELOPMENTS V 


50. Several problems relating to the development of 
solids by triangulation are given on this plate. The same 
principles that were shown in connection with the develop- 
ment of the transition piece in Figs. 28 to 31 are used in 
these drawings; but, owing to the different shapes assumed 
by the solid selected for each problem, slightly different 


constructions are given in each case. 
39—30 
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Particular attention should be paid to the manner in 
which the triangles are located on the irregular surfaces, 
care being exercised that similar points in each view shall be 
taken as a basis for finding the true length of each line. 


PROBLEM 16 


51. To develop the surface of an irregular solid 
having parallel bases. 


The solid shown in perspective in Fig. 32 is the same as 
that used in Practical Projection for the projections of views 
of an irregularly formed solid and a sectional view from a 
given cutting plane. 


_ Construction. —The first step is to draw a right plan and 

elevation, as shown at Fig. 1 (@) on the plate. Draw the 
horizontal diameter am through the plan, thus dividing the 
solid into symmetrical halves. It will now be seen that, if a 
development is made of the upper portion of the solid, as 
seen in the plan, a duplication of the resulting figure will be 
the complete development. In order to locate the sides of 
the triangles that are to be assumed on the surface of the 
solid, the outline of the bases is divided into the same num- 
ber of equal parts (in this case 6), as at a, ¢, e, etc. on the 
lower base and 0, d, f, etc. on the upper base. 

Draw, in succession, lines alternately from the points on 
the upper and lower bases; @6 being on the line of the 
diameter; draw Jc, 6d, 0, sete: 
Project these points and lines to the 
elevation, and represent them by 
dot-and-dash lines, as used in pre- 
ceding developments to designate 
edge lines. The surface of the solid 
is thus divided into a number of 
triangles that may be better under- 
stood by the student from an inspection of Fig. 32. This 
is a perspective view of the solid, showing in the full lines 
the triangles that have been assumed on its surface. The 


FIG. 32 
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lengths of the sides bd, df, ac, ce, etc. may be taken as 
chord distances directly from the plan, since they are there 
shown in their full length. A construction of right-angled 
triangles is necessary, however, in order to find the true 
lengths of the lines dc, cd, de, etc., Fig. 1 of the plate; and 
in order to construct them, the base line a’ ’ of the solid 
in the elevation, Fig. 1, is extended indefinitely towards the 
right of the drawing to m'’, as shown at (4). 

At a convenient distance from the elevation locate a 
point on this line, as at 4’ in Fig. 1 (4) on the plate. Take 
the distance 0c, as shown in the plan, and set it off with the 
dividers, as at 6'c'; in like manner, make c’d’ equal to cd, 
as shown on the plan, and proceed to copy all the distances 
there shown until the point 7'’ is reached. It will be seen 
from an examination of the projections that the lines a’ 0 
and m'nx are shown in their true length in the elevation, 
and a triangle is, therefore, not required for those lines. 

Since the bases of the solid are parallel, the vertical 
height of the triangles at (4) is the same in all cases, and 
may be projected from the elevation as shown on the plate. 
The true lengths of all lines now being determined, the tri- 
angles may be constructed as shown at Fig. 1 (c). Draw 
the line a6, making it equal in length to the corresponding 
line in the elevation—that is, a’; next, describe an arc 
from a as acenter, with a radius @c, taken from the plan at 

~(a); intersect this arc by an arc described from @ as a cen- 
ter, with a radius equal to the length of the hypotenuse of 
the triangle whose base is é'c’ in (4). This completes the 
triangle adc at Fig. 1 (c). The triangle dcd is next con- 
structed in a similar manner, and the completion of the devel- 
opment is accomplished by a continuation of the methods 
described. Small arrows are introduced in Fig. 1 (¢) to 
indicate the location of the centers of the corresponding 
arcs. Thus, the arrowhead on the line dc is pointed towards 4, 
and indicates that the center of the arc, by means of which 
the point ¢ is determined, is located at 0; ¢ in like manner 
is similarly shown to be the center of the arc described 
through (d). Since there are no edges to be bent angularly 
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when the surface is formed to the shape shown in the plan 
and elevation, the circular indicators are omitted; but 
arrowheads indicating the boundary edges of the devélop- 
ment may be added as heretofore, completing the problem. 


PROBLEM i7 


52. To develop the surface of an irregular solid 
having inclined bases. 


A perspective view of this solid is shown in Fig. 33; it is 
a modification of the solid used for the preceding problem, 
and may be drawn as shown on the 
plate at Fig. 2 (a). The outline of 
the lower base is drawn as in Fig. 1, 
and the center of the semicircle at 0 
is also the center of the circle that 
represents the inclined upper base, 
the angle of inclination being 45°. 


Fic. 38 ConsTRUCTION.—Draw a line (not 
shown on the plate) vertically upwards from o@ and fix the 
point /% 14 inches above the lower base of the solid. Through 
this point draw the line dz at the given angle; and at right 
angles to 6x describe tbe circle representing the full view 
of the upper base, as shown. Next, locate the points shown 
on the semicircle and, by means of the temporary full view 
shown at 0’ h'n', project the inclined view of the upper base 
in the vlan. These points are then used, as in the prece- 
ding problem, for the purpose of defining the triangles. 
Divide the lower base of the solid, as shown in the plan, 
into an equal number of parts, and draw lines representing 
the sides of the triangles, as in Fig. 1, producing them in 
the plan and elevation, as dc, cd, de, etc. Fig. 2 (a). 

The manner of determining the true lengths of the lines dc, 
cd, de, etc., is slightly different from that used in the pre- 
. ceding problem, since the vertical distances are not the same 
in all cases. Produce the lower base a m to the left, as 
shown at (4) on the plate, and on this line set off the lengths 
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of the lines dc, cd, de, etc. as they appear in the plan at 
Fig. 2 (a). The vertical heights are then projected from 
the elevation in the manner shown, taking similar points in 
each case. 

The true lengths of all lines now having been determined, 
the development may be constructed as shown at Fig. 2 (c). 
In this case, as in all instances where the solids are uneven 
and irregular in their form, it is preferable to begin the 
development from the longest edge that is shown in its true 
length. The line mx is, therefore, copied as shown at (c), 
and the triangle 2 m7 constructed as in the preceding 
development, taking the lengths of the radii 2/,/7, 7h, etc. 
from the full view of the upper base, and the lengths of the 
radii m/l, lk, k7, etc. from their respective triangles as 
formed at (0), while 7, £72, zg, etc. are taken from the full 
view of the lower base as shown in the plan at (a). 


PROBLEM 18 
53. To develop the surface of an irregular solid 
whose upper base is rightly inclined and whose lower 
base is a portion of a cylinder. 


This solid is shown in perspective in Fig. 34, and the tri- 
angles that are to be located by the student in the projec- 
tions are represented in the drawings shown on the plate. 


ConstTructTion.—As may be seen from Fig. 3 (a) on the 
plate, the projections do not differ materially from those of 
the preceding problems. First draw 
the oval in the plan as in the two 

receding problems, noting that, in 
ie eee outline is a forehere 1 ae Y \ ), 
ened view of the realsurface. Next, , ll Ip <I 
draw a line vertically upwards from 9, 
the center of the semicircle, to the Saas 
point # in the elevation, which is mie at 
3 inches distant from 0. Through # draw 6x at an angle 
of 30° with the horizontal; at right angles to 6” project 
the full view of the upper base, which, as in Problem 17, 
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isa circle. Through the plan draw a m and bisect it at x; 
with x as a center and a radius of 14% inches describe in 
the elevation the arc a g m, representing that view of the 
lower base. 

As in the preceding problem, project the foreshortened 
view of the upper base, and, as before, designate the posi- 
tions of the six spaces. Since the view of the base in the 
plan is foreshortened, it is necessary to project its full view, 
in order to ascertain the true distance around the outline. 
Divide the foreshortened outline of the lower base shown in 
the plan into six equal spaces, at a, c, é, etc. First, how- 
ever, draw the center line @ a, as in previous cases, and 
then project to the elevation the points thus located. To 
produce the full view, as at Fig. 3 (c), extend the line a m 
in the plan towards the left as far as to m’, and on this line 
lay off the stretchout of the lower base, as shown in the 
elevation; thus that portion of the solid is treated as a sur- 
face developed by means of parallel lines. Draw edge lines 
perpendicular to the stretchout, as on the plate, and pro- 
duce developers from the points @, c, e, g, etc. in the plan 
to a’, c’,e', g', etc. at (c). The light curve shown at (c) is 
then drawn and represents the true outline of the lower base 
of the solid; measurements may now be taken from points 
on this outline, as a’ c’', c' e', etc., for the radii of the arcs 
required in that portion of the development at (¢), their 
true lengths thus being shown. The true lengthsof the lines 
shown in the projections at dc, cd, de, etc. are obtained as 
before by constructing diagrams of triangles at (6), (0). 
Their projection on both sides of the elevation is done to 
avoid confusion from having a number of lines cross on the 
drawing. 

Note the varied heights of the triangles, hence the need 
of extreme care; for if corresponding points are not taken 
from both plan and elevation, it will be difficult to trace the 
resulting errors. The true lengths of all lines having been 
determined in (0), (4), and (c), the development at (¢) may 
be constructed by methods precisely like those used in 
Problems 16 and 17. 
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Since m x is the longer true edge shown in the elevation, 
the development should begin from that line by making m x 
at (@) equal to mm in the elevationat (2). Witha radius 2/ 
(taken from the full view of the upper base), and with x in 
(2) as a center, describe an arc as shown, and intersect it 
at / with an arc described from m as a center, with a radius 
equal to the hypotenuse of the triangle m/at (6)—the true 
length of the line 7 /, as shown at (a). 

This completes the triangle #x/at (d). Next, describe 
an arc from 7 asa center, with a radius mm’ #' taken from 
the full view of the lower base at (c), and intersect this arc 
at # with an arc described from / as a center anda radius 
equal to the hypotenuse of the triangle /# at (0). The tri- 
angle m/& is thus completed, and the remainder of the 
figure at (@) is constructed in a similar manner. The 
development at (@) is one-half of the irregular surface of 
the solid shown in Fig. 34. 

It should be noted that, in the practical work of laying 
out patterns by this method, a sufficient number of points 
should be located on both bases of the solids to insure accu- 
racy in tracing the curved line of the development. 


54. Importance of a Correct Projection.—It will 
be seen from the foregoing problems that in each case the 
first operation isthe drawing of a correct projection. The 
true lengths of all real or assumed lines that may have been 
shown in such a drawing of the solid are thus ascertained, 
and the draftsman is then enabled to determine which of 
the three general methods is to be applied in order that a 
development may be produced. The views to be drawn are 
in all cases those that will represent the solid ina rzght posi- 
tion, since the true length of any line is most easily obtained 
from such drawings. The ease with which this is accom- 
plished is clearly shown in the foregoing examples; and 
if the student will devote his attention to the projection 
of a variety of commonly occurring trade subjects, he 
will quickly acquire a facility obtained only by constant 
practice. 
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Particular attention is directed to the imaginative feature 
of the projection, as mentioned in Practical Projection ; for 
a correct conception of the actual position of the various 
lines as they will appear in the completed object can be 
acquired in no other way, and it is of extreme importance 
to the draftsman desiring to become proficient in the pro- 
duction of developments. Ifa student is expert at ‘‘ reading ” 
drawings, he will experience no difficulty in applying the 
various principles that have been given for producing 
developments of surfaces. 


55, Employment of Modified Methods.—In produ- 
cing the developments given in the last three problems, 
the triangles are not always projected from the views in the 
manner shown on the plate. Short methods are often used ; 
but since in such cases there is more chance for error, the 
student will do well not to attempt any other method than 


a ; a 


(a) (5) 
Cc 
* sell ae ah 
ue tC) h j\ u 
a FIG. 35 


that just described—at least, not until the principles are 
firmly fixed in his mind. As the drawings from which such 
developments are made are often too large to permit the pro- 
jection of the triangles in the manner shown, the construc- 
tion given in Fig. 85 is often applied. In this figure the 
triangles for Problem 16 are shown at (z), and those for 
Problems 17 and 18, at (4) and (c), respectively. A single 
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right angle is first drawn, asa dc; the lengths of all lines 
shown in the plan are then set off with the dividers on the 
side } c, while the vertical distances taken from the elevation 
are set off on the side a 4. A number of slanting lines are 
then drawn between the points thus located, each forming 
the hypotenuse of its respective right-angled triangle. 
Unusual care must be observed when this method is adopted, 
since the points are located close together and are very apt 
to be mistaken for one another. 

When many lines thus appear in the drawing, the student 
is very apt to become confused and to consider the drawing 
as complicated. If due care is used and ample time taken, 
this confusion will be avoided, for the drawings themselves 
depend on the simplest of principles—principles that may 
readily be understood by any one willing to give the time 
necessary for mastering this work. 


56. Scalene Cone.—The development of this solid 
illustrates a short method of triangulation applicable to a 
number of solids, particularly to those represented by transi- 
tion pieces one of whose bases is a polygon. A right view 
of such a cone is presented in Fig. 36 (a), and an inspection 
of its elements will show that they are of unequal length. 
This inequality, combined with the fact that a section taken 
at right angles to the axis of a scalene cone is not a circle, 
precludes its development by the method applied to radial 
solids, although the process is a combination of that method 
and triangulation. In accordance with instructions given 
hereafter, a drawing of this development should be made by 
the student, although it is not required to be sent to the 
Schools for correction. 

After drawing the right plan and elevation as in Fig. 36 (a), 
the base is divided into a convenient number of equal 
parts (12 in Fig. 36). Next, the elements are drawn in both 
views, and it may then be seen that the surface of the cone is 
divided into a number of triangles whose common apex is 
at o, the vertex of the cone. In the elevaticn, the elements og 
and oa are the only ones shown in thei» true iength. In 
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order to determine the true lengths of the remaining 
elements, the drawing shown at Fig. 36 (4) is constructed. 


Gg 
4 Blevat ion’ 


Fic. 36 


Draw the right angle / m u and set off m 0, the vertical 
height of the cone. 

The length of each element shown in the plan at (a) is 
now set off on the line mz; thus, make mg at (0) equal 
to o'g in the plan at (a), m/f at (0) equal to o’ fat (a), etc. 
Draw og, of, oe, etc. at (0), thus producing the elements of 
the scalene cone in their true length, the method used, as 
will be seen by the student, being similar to that used in the 
other triangulation problems. 

From 0 as acenter, with og, of, oe, etc. as the respective 
radii, describe arcs in the manner shown in Fig. 36 (0). At 
a convenient point locate 2’, and draw g" o as indicated at (c). 
This line (g’0) is one edge of the development, which may 
be completed by making g’ /’ at (c) equal to g fin the plan 
at (a), f’ e at (c) equal to fe at (a), etc., the compasses 
being set at this distance and similar arcs described as the 
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successive points are located. Proceed in the manner shown 
until the point g”’ is reached, when the development is com- 
pleted by drawing og" and tracing the curve through points 
at the intersection of the arcs. The outer edge lines of the 
development may be further noted by the use of indicators 
as before described. 

There are many irregular solids to which this method of 
development may be applied. The student should therefore 
work out this drawing very carefully, that the construction 
may be well understood and the method of its application 
readily seen. Where convenient, models should be made of 
these developments. These models may be cut out of paper 
or thin sheet metal and afterwards formed up to represent 
the solids described in the particular projections accompany- 
ing each problem. <A better idea of the solids and their 
respective developments will thus be obtained. Should any 
errors arise in the course of the work, they may frequently 
be detected by this means. 


APPROXIMATE DEVELOPMENTS 


5%. The Sphere.—The sphere is the most prominent 
example of the many solids whose surfaces admit of approxi- 
mate development. The methods used with solids capable of 
accurate development must be applied to solids of approxi- 
mate development. Since solids of approximate develop- 
ment may be resolved into parts resembling those capable 
of accurate development, it is clear that the same general 
methods are easily applicable. Thus, in the case of the 
sphere, that solid is resolved into a number of frustums of 
cones, in the manner described in the next article. 

As already stated, it is necessary to submit the covering 
for these solids to the operations of ‘‘ raising,’’ in order to 
conform the metal to the profile of the solid itself; an allow- 
ance is therefore required for the consequent stretching of 
the stock. This allowance varies with the thickness and 
quality of the material; hence, no general rules cambe given 
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here. The mechanic must be acquainted with the nature 
of the material in order 
to determine the allow- 
ance required in each 
case. 


58. Development 
of the Sphere.—It has 
been stated that each 
solid of approximate 
development must be 
referred#to one) of ithe 
three classes of solids 
capable of accurate de- 
velopment. It is first 
necessary, therefore, to 
determine which of the 
regular solids the irreg- 
ular solid to be devel- 
oped most resembles. 
The blanks, or pat- 
terns, produced by 
these methods are, as 
has been observed, flat, 
1 or plane, surfaces; and 
since it is necessary to 
‘‘raise” these surfaces 
by hammering, the 
draftsman must imag- 

Fic. 87 ine the surface desired 
in the final form. The principle by which these solids are 
classified is illustrated in Fig. 387 by the perspective of the 
sphere and its resolved cones. After the sphere has thus 
been resolved into cones—or rather, frustums of cones— 
their developments may be produced in the regular way, 
each frustum being separately treated, in the manner shown. 
This is called development by zones, and may be applied to a 
number of irregular solids resembling the sphere. 
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Another method of treatment is shown in Fig. 38, certain 
sections of the sphere being here considered as portions of 
the surface of the cylinder. This 
method is referred to as the develop- 
ment by gores; the patterns are 
developed, as with any portion of 
the cylinder, by means of parallel 


Development of Gore A 


When the curved surface of any 
solid is such that it cannot be con- 
sidered as part either of a cone or 
of a solid with parallel lines, it is 

FIG. 38 customary to determine a series of 
sections in a regularly occurring order and apply the 
method of triangulation as shown in Problems 16 to 18. 
Such surfaces are then formed upas nearly as possible to the 
shape of the solid and are then submitted to the operations 
referred to for ‘‘ raising” to their proper shape. 
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Note.—All items in this index refer first to the section and then to the page of the section. 
Thus, ‘‘Addendum §14, pi09” means that addendum will be found on page 109 of section 14. 


A 
Abbreviations used on drawings, §14, p9. 
Accuracy, Importance of, §16, p46; §17, p23. 
Accurate developments, §17, p4. 
Addendum, §14, p109. 
circles, §14, p116. 
Adjustment of the stroke, §15, p46. 
Alphabet, Block-letter, §13, p25. 
American thread, §14, p28. 
Angle of projection, §16, p7. 
Sectional view of, §14, p83. 
To bisect an, §13, p33. 
with a given line, To draw, $13, p35. 
Angles, Flange, §14, p78. 
Approximate developments, $17, pp5, 63. 
Arc method of secondary projectors, §16, p42. 
of circle equal in length to given straight 
line, §13, p41. 
To find center of an, §13, p38. 
Assembly, Bench Vise, Drawing Plate, §14, 
p92. 
drawings, §14, p2. f 
of Horizontal Steam Engine, Drawing Plate, 
§14, p141. 
Automatic cross-feed, §15, p45. 
Axial line, §16, p63. 
Axis of helix, §13, p46. 
of parabola, §13, p45. 
of symmetry, §15, p10. 


B 

Backlash, §14, p109. 
Base circle, §14, p112. 

line, §16, p16. 
Basis of projection, §16, p41. 
Bearings, View of dynamo, §14, p61. 
Bench-Vise Details, Drawing Plate, §14, p87. 
Bevel gear-wheels, §14, p113. 

gears, Developing the teeth of, §14, pll19. 

Gears, Drawing Plate, §14, p117. 

gears, View of, §15, p39. 


* 


Bisect an angle, To, §13, p33. 
a straight line, To, §13, p28. 
Blade of square, §15, p16. 
Block-letter alphabet, §13, p25. 
Blueprinting, $14, p153. 
frames, §14, pp155, 158. 
Board, Drawing, $13, pl. 
Bolt heads, nuts, and screw heads, Forms of, 
§14, p160. 
Bolts, nuts, set and capscrews, Dimensions 
of, §14, p161. 
Square-headed, §13, p58. 
Bore, §14, p54. 
Boss, Views of, §15, p48. 
Bow-pen, §13, p9. 
-pencil, §13, p9. 
Brass nipple, Section of, §14, p28. 
Break, §14, p24. 
Breaks, Methods of indicating, §14, p25. 
Bushing, Sketch of, §15, p4. 


Cc 

Calipers, §15, p17. 

Inside, §15, p17. 

Outside, §15, p17. 
Capitals, §14, p16. 
Ceiling plan, §16, p9. 
Center line, $13, p53; §16, p59. 

lines, §14, p17. 

lines and proportions, §15, p11. 
Centers, Establishing, §15, p24. 

of gear-wheels, Finding distance between 

§15, p27. 

Chord distance, Measurement of, §17, p34. 
Chords of girder, §14, p78. 
Circle, §16, p81. 

Base, §14, p112. 

Generating, §14, p106. 
Circles, Addendum, §14, p116. 

Describing, §14, p110. 

Methods of shading, §13, p76. 
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Circles—(Continued) 
Pitch, §14, p109. 
Root, §14, p116. 
Circular pitch, §14, p109; §15, p28. 
pitch, To find, §14, p114. 
Circumference, To pass, through three points 
not on the same straight line, §13, p38. 
Clamping ring, Views of, §14, pp72, 75. 
Classification of solids, $17, p3. 
Clips of angle iron, §14, p78. 
Cloth, Tracing, §14, p10. 
Column or frame of machine, §15, p36. 
Commutator, Assembly drawing of, §14, p75. 
bar, Views of, §14, p73. : 
Drawing Plate, §14, p66. 
Sectional view of, §14, p67. 
shell, Details of, $14, p66. 
Compasses, §13, pd. 
Compound rest, Reading a drawing of, §14, 
pl45. 
Cone and cylinder, Intersection of, §13, p66; 
§16, p95. 
and pyramid, Relation of, §17, p36. 
cut by plane, $13, p65. 
Development of, $17, p44. 
Development of frustum of, §17, p46. 
Development of intersecting, §17, p47. 
Development of irregular frustum of, §17, 
p46. 
Development of scalene, §17, p61. 
Elements of, §13, p65; §16, p82. 
Intersection of, §16, p96. 
Projection of, §16, p68. 
Conic sections, §13, p65; §16, p81. 
Sections, Drawing Plate, §13, p65. 
Conical surface, Development of, §13, p72. 
Connecting-rods, Sketch of, §15, p9. 
Construction lines for developments, $17, p18. 
Cored, Meaning of, §14, p9. 
Corners, Undefined, §15, p20. 
Cotter pin, §14, p35. 
Coupling and Bearing, Drawing Plate, §14, 
Pode 
View of a, §14, p58. 
Crank-shaper, §15, p35. 
Crankpin, §14, p122. 
and stud center, Finding distance between, 
§15, p43. 
Determination of center of, §14, p142. 
Cross-feed, Automatic, §15, p46. 
-sectioning material, §15, p14. 
Crow quill pen, §14, p16. 
Crown of the rim (Pulley), §14, p65. 
Cube, Development of, §17, p15. 
Projection of, §16, p55. 
Sections of, §16, p71. 
Curved outlines, §15, p31. 


Curves, Irregular, §13, p15. 
Cutting plane, Method of representing, §14, 
p21; $16, p72. 
Cycloid, §14, p106. 
Cycloidal or double-curved teeth, §14, p109. 
Cylinder, §13, pp56, 64. 
and cone, Intersection of, §13, p66; §16, 


p95. 

and prism, Intersection of, §16, p91; §17, 
p35. 

and sphere, Intersection of, §16, p99; §17, 
Deo. 


and steam chest, Details of, §14, p137. 
Development of, §17, p27. 
Development of intersecting, §17, p35. 
Intersecting, §16, p93. 

Intersection of, §13, p66; §17, p35. 
Projection of, §16, p94. 

Sections of, §16, p65. 

Cylindrical ring, Cast-iron, §13, p59. 
surfaces, Development of, §13, p71. 
surfaces, Intersection of two, §13, p68. 
surfaces, Length of, §15, p19. 


D 


Dark surface, §13, p74. 
Decimal equivalents of parts ot 1 inch, §14, 
pp164, 166. 
Designer, §14, p7. 
Detail drawings, §14, p2. 
Detailer, §14, p7. 
Details, Drawing Plate} §14, p22. 
Developers, §17, p18. 
Development, §17, pl. 
Accurate, §17, pl. 
Approximate, §17, pp5, 63. 
by parallel lines, §17, pp5, 13. 
by radial lines, §17, pp8, 36. 
by triangulation, §17, pp9, 49. 
Finishing of, §17, pl9. 
Importance of certain views in, §17, p13. 
Method used in, $17, p2. 
of cone, §17, p44. 
of conic frustum, §17, p46. 
of conical surfaces, §13, p72; §17, p44. 
of cube, §17, p15. 
of cylinder, §17, p27. 
of cylindrical surfaces, §13, p71; §17, p27. 
of frustum of hexagonal pyramid, §17, p46. 
of intersected cylinder, §17, pp28, 33. 
of intersected prism, §17, pp28, 31. 
of intersected solids, §17, p20. 
of intersecting cones, §17, p47. 
of intersecting cylinder and sphere, §17, 
p35. 
of intersecting cylinders, §17, p29. 
of intersecting prisms, §17, p21. 
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Development—(Continued) 
of intricate solids, §17, p32. 
of irregular intersecting cylinders, §17, p33. 
of irregular solid, §17, pp54, 56. 
of octagonal pyramid, §17, p45. 
of pentagonal prism, §17, p26. 
of pyramid, §17, pp44, 57. 
of quadrangular pyramid, §17, p44. 
of scalene cone, §17, p61. 
of sphere, §17, p64. : 
Position of parallel, §17, p15. 
Position of radial, §17, p41. 
Developments—I, Drawing Plate, §17, p25. 
—II, Drawing Plate, §17, p31. 
—III, Drawing Plate, §17, p33. 
—IV, Drawing Plate, §17, p44. 
—V, Drawing Plate, §17, p53. 
Intersections and, Drawing Plate, §13, p67. 
Rules for parallel, §17, p24. 
Rules for radial, §17, p42. 
Diameter at root, §14, p109. 
Normal, §14, p28. 
Over-all, §14, p109. 
To find pitch, §14, p113. 
Diametral pitch, §15, p28. 
Different views, To draw, §16, p15. 
Dimension lines, §14, p16; §16, p14. 
Dimensions, §13, p60; §14, p9. 
Exact and approximate, §15, p23. 
of standard-finish bolts, nuts, setscrews, 
and capscrews, §14, p161. 
Over-all, §15, p23. 
Distance between two centers, Finding, §15, 
p24. 
between curved surfaces, Finding, §15, p21. 
between two points on a plane surface, 
Finding, §15, p19. 
piece, §13, p58. 
Dividers, §13, p9. 
Division of solids, How accomplished, §17, 
plo. 
Double square-threaded screw, §14, p25. 
V-threaded screw, §14, p28. 
Draftsmen, Duties of, §14, p7. 
Drawing board, §18, pl. 
Definition of, §13, pl. 
Freehand, §18, pl. 
ink, §18, p13. 
Instruments and material required for, §13, 
pl. 
Mechanical, §13, p1; §14, pl. 
paper, §13, p10. 
pen, To sharpen a, §18, p14. 
pencils, $13, p10. 
Perspective, §16, p3. 
Projection, §13, p49. 
-Room Standards, Drawing Plate, §14, p15. 
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Drawing—(Continued) 
Title and number of, §14, p8. 
To read a, §16, p33. 
Tracing the, §14, p13. 
Use of a section, §16, p70. 
Working, §16, p2. 

* Drawings, Abbreviations used on, §14, p9. 

Assembly, §14, p2. 
Detail, §14, p2. 
General, §14, p2. 
Kinds of working, §14, p2. 
Pencil, §14, p10. 
Suggestions for making pencil, §14, p11. 
Working, §14, pl. 
Writing fractions on, §14, p8. 

Drill, Meaning of, §14, p9. 

Driving fit, §14, p9. 
Pulley, Flywheel, and Crank-Shaft, Draw- 

ing Plate, §14, p121. 
Dynamo bearing, View of, §14, p61 


E 


Eccentric, Throw of, §14, p129. 
Edge lines, §17, pp17, 25. 
lines, True, §17, p41. 
Egg-shaped oval, §13, p42. 
Elbow, Pattern for two-pieced, §17, p25. 
Elements of cone, $13, p65; §16, p82. 
Elevation, §13, p52; §16, p9. 
Front, §13, p52. 
Side, §18, p52. 
Ellipse, §13, p43; §16, p82. 
Methods of drawing an, §13, p43. 
Engine Frame, Drawing Plate, §14, p122. 
frame, Views of, §14, p123. 
Epicychoid, §14, p107. 
Equilateral triangle, To draw an, §13, p36. 
Eyebolt, §14, p36. 


F 


F all over, Meaning of, §14, p9. 
Face of tooth, §14, p109. 
Field rivets, §14, p80. 
Fillers, §14, p78. 
Abbreviation of, §14, p86. 
Fillet, §14, p53. 
Fillets, §15, p31. 
and round corness, $14, p52. 
Finish marks, §15, p14. 
Finishing a development, $17, p19. 
First-angle projection, §14, p39; §16, p7. 
-angle projection, Reading, $16, p56. 
Flange angles, §14, p78. 
Flank of tooth, §14, p109. 
Forced fit, §14, p9. 
Foreshortened views, §16, p10. 
Forms, Geometrical, §16, p11. 
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Forms—(Continued) 

Recognition of radial, §17, p49. 
Fractions on drawings, Writing, §14, p8. 
Frame or column of machine, §15, p36. 
Freehand drawing, §13, pl. 

Friction of materials, §14, p63. 
Front elevation, §13, p52; §16, p9. 
Frustum, Development of conic, §17, p46. 

of cone, Development of irregular, §17, 

p46. 

of pyramid, §13, p49. 

of pyramid, Development of, §17, p46. 
Full view, §16, p43. 

view, Position of, §16, p52. 


G 


Gauge, Surface, §15, p19. 
Gear and Pinion, Drawing Plate, §14, p114. 
-wheels, §14, pll14. 
-wheels, Bevel, §14, p113. 
-wheels, Centers of, §15, p27. 
-wheels, Miter, §14, p113. 
-wheels, Spur, §14, p113. 
Gears, Pitch of, §15, p27. 
View of bevel, §15, p39. 
General drawings, §14, p2. 
Generating circle, §14, p106. 
Geometrical forms, §16, p11. 
Girder, Perspective view of, §14, p77. 
Gores, Pattern for sphere by, §17, p65. 
Gripper, Views of, $15, pd. 
Guard, View of, §14, p92. 


H 


Hand Wheel and Pulley, Drawing Plate, §14, 
p4s. 
wheel, Constructing a, §14, p50. 
Head draftsman, $14, p7. 
Headroom, §14, p78. 
Helical spring, Constructing, §14, p47. 
Helix, Pitch of, §13, p46. 
To draw a, $13, p46. 
Hexagon bolt, Representation of, §14, p32. 
To inscribe in a circle, §13, p39. 
Hexagonal-head capscrew, §14, p34. 
head, Constructing a, §14, p45. 
prism, §13, pp56, 63. 
pyramid, §13, p57. 
pyramid, Development of frustum of, §17, 
p46. 
Hidden surface lines, §14, p17. 
surfaces, §16, p58. 
Holes, Diameter of small, §14, p160. 
Dimensions of, §15, p22. 
Horizontal plane, §16, p17. 
Hyperbola, §13, p66. 
Hypocycloid, §14, p108. 


I 
Imagination, Help of the, §16, p13. 
Importance of accuracy, §16, p46. 
of correct projection, §17, p59. 
Inclined lines, §16, p26. 
planes, §16, p40. 
solids, §16, p61. 
Ink, Drawing, §13, p13. 
Inking drawings, §13, p11. 
Instrumental drawing, §13, pl. 
Instruments, §13, pl. 
Measuring, §15, p14. 
Interedge lines, §17, pp23, 25. 
Intersection of cylinder, §13, p64. 
of cylinder and cone, §13, p66; $16, p95. 
of cylinder and prism, §16, p91. 
of cylinder and sphere, §16, p99. 
of prism, §16, p88. 
of solids, §17, p20. 
of two cylindrical surfaces, §13, p68. 
Intersections—I, Drawing Plate, §16, p87. 
—II, Drawing Plate, §16, p93. 
and Developments, Drawing Plate, $13, p67. 
General instructions for, §16, pgy2. 
of cones, §16, p96. 
of cylinder, §16, p93. 
Intricate solids, Development of, §17, p32. 
Involute of a circle, §14, p108. 
or single-curve tooth, §14, p112. 
Irregular curves, §13, p15. 
intersection of cylinders, Pattern for, §17, 
p33. 
solid, Development of, §17, pp54, 56. 
solid, Projection of, §16, p78. 
solid, Section of, §16, p78. 
Irregularly outlined surface, Projection of, 
§16, pp48, 54. 


K 
Keys, Method of representing, §14, p36. 


L 


Lag bolt, Representation of, §14, p36. 
Laying off the stretchout, §17, p16. 
Length of cylindrical surfaces, §15, p19. 
Letter, Block, §13, p28. 

Lettering, §13, p18. 

Letters used in bill of materials, §14, p16. 
used in body of drawing, §14, p16. 
used in main title, §14, p16. 

Lever, Views of oscillating, §15, p41. 

Light surface, §13, p74. 

Line, Axial, §16, p63. 

Base, §16, p16. 

Center, §13, p53; §16, p59. 
Development by radial, §17, pp8, 36. 
Dimension, §16, p14. 
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Line--(Continued) 
Edge, §17, pp17, 25. 
in a development, Finish of, §17, p19. 
Inclined position of, §16, p26. 
Miter, §16, p87. 
Oblique position of, §16, p33. 
of sight, §16, pd. 
of sight, Foot of, §16, p17. 
Projection of, §16, p21. 
Right position of, §16, p21. 
shafting, §14, p93. 
To bisect a straight, §13, p28. 
To divide into equal parts, §13, p34. 
To draw a parallel to, §13, p30. 
To draw a perpendicular to, §13, p29. 
To find the true length of, $16, p35. 
True edge, §17, p41. 
Lines, Center, §13, p53; §14, p17; §15, p11; 
$16, p59. 
Character of, §13, p48. 
Combination of, §14, p18. 
Cutting plane, §15, p13. 
Dimension, §14, p16. 
Hidden surface, §14, p17. 
Interedge, §17, pp23, 25. 
Projection, §15, p13. 
Rule for section, §14, p20. 
Shade, $13, p73; §15, p13. 
Surface, §14, p16. 
used in drawing, §13, p48. 


“M 

Machine Details, Drawing Plate, §14, p39. 

details, Sketching, §15, p3. 

frame, §14, p63. 

Main view of, §15, p48. 

screw, §14, p35. 
Machines, Sketching of complete, §15, p35. 
Main title, Letters used in, §14, p16. 
Marks, Finish, §15, pl4. 
Material, Cross-sectioning, §15, p14. 

list, §14, p37. 
Materials for sketching, §15, p3. 
Measurement of chord distances, §17, p34. 
Measurements, Taking, §15, p19. 
Measuring instruments, §15, p14. 
Mechanical drawing, §13, pl; $14, pl. 
Method of triangulation, §17, p49. 
Miter gear-wheels, §14, p113. 

line, §16, p87. 
Modified methods of triangulation, §17, p60. 
Morse twist-drill and steel-wire gauge, Table 

of, §14, p163. 


Nominal diameter, §14, p28. 
Numbers, Part, §14, p37. 
Pattern, §14, p37. 


oO 
Object, Representation of, §13, p48. 
Sketching a section of, §15, p7. 
Sketching one view of, §15, p3. 
Sketching three views of, §15, p6. 
Sketching two views of, §15, pd. 
Objects, Sketching, §15, pp2, 49. 
Sketching two or more, fitted together, §15, 
pg. 
Views of symmetrical, §15, p10. 
Oblique irregular surface, §16, p54. 
position of line, §16, p33. 
position of plane, §16, p49. 
position of solid, §16, p61. 
Observer, Position of, §16, p4. 
Octagon in a circle, To inscribe an, §13, p40. 
Octagonal prism, Intersected, §17, p28. 
pyramid, Development of, §17, p45. 
Ordinate of parabola, §13, p45. 
Orthographic projection, $16, pl. 
Oval, Egg-shaped, $13, p42. 
Over-all dimensions, §15, p23. 


P 


Paper, Drawing, §13, p10. 

Parabola, §13, p66; §16, p84. 
To draw a, §13, p45. 

Parallel developments, Rules for, §17, p24. 
lines, Solids developed on, §17, pd. 
planes, Finding distance between, §15, p20. 
to a straight line, To draw a, §13, p30. 

Parallelogram, To draw a, §13, p37. 

Part numbers, §14, p37. 

Pattern, §14, p56. 
for T joint, §17, p25. 
for two-pieced elbow, §17, p25. 
numbers, §14, p37. 

Relation of surfaces in a, §17, pl. 

Pen, Ruling or right-line, §13, p11. 
To sharpen, §13, p14. 

Pencil drawings and tracings, §14, p10. 
drawings, Suggestions for making, §14, p11. 

Pencils, How sharpened, §13, p10. 
used in drawing, §13, p10. 

Pentagon in a circle, To inscribe a, §13, p39. 

Pentagonal prism, Development of, §17, p26. 

Perpendicular to a straight line, To draw a, 

§13, p29. 

Perspective drawing, §16, p3. 

Pinion, §14, p117. 

Pipe threads, $14, p164. 

Piston, Crosshead, and Connecting-Rod 

Drawing Plate, §14, p131. 

Pitch circles, §14, p109. 
Circular, §14, p109; §15, p28. 
diameter, To find, §14, p113. 
Diametral, §15, p28. 
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Pitch—(Continued) P*ate—(Continued) 
lines, §14, p118. Projections—II, §16, p47. 
of gears, §15, p27 Projections—III, §16, p63. 
of helix, §13, p46. Sections—I, §16, p70. 
of rivets, §14, p81. Sections—II, §16, p81. 
Plan, §13, p51; §16 p7. Shaft Hanger, §14, p93. 
Plane, §16, p36. Steel Girders, §14, p77. 
Cone cut by, §13, p65. Valve Gear, §14, p127. 
Cutting, §16, p72. Plates, General instructions for drawing, §14, 
cutting cylinder, §16, p77. ps. 
cutting irregular solid, §16, p78. Preliminary directions for drawing, §13, 
cutting prism, §16, p75. p26. 
cutting pyramid, §16, p76. Reenforcing, §14, p78. 
inclined, Position of, §16, p40. Size of drawing, §14, p8. 
oblique, Position of, §16, p49. Plumb-bob, §15, p18. S 
of projection, §16, p16. Point, Projection of, §16, p20. 
Projection of, §16, p16. Polygon in a circle, To inscribe a, §13, p40 
surfaces, §16, p36. To construct a, §13, p41. 
surface, Finding distance between two Position of full views, §16, p52. 
points on, §15, p19. of observer, $16, p4. 
To determine position of, §16, p37. of parallel developments, §17, p15. 
Plate, §13, p26. of plane, How determined, §16, p37. 
I, §18, p27. of radial developments, §17, p41. 
I, Hints for, §18, p32. of sections, $16, p9. 
II, §18, p33. of views, §14, p38. 
III, $13, p37. Practice Sheet, Drawing Plate, §14, p11. 
IV, §18, p39. Preliminary directions for drawing plates, §13, 
V, §13, p42. p26. 
Assembly, Bench Vise, §14, p92. Primary projectors, §16, p18. 
Assembly of Horizontal Steam Engine, Prism and cylinder, Intersection of, §16, p91; 
§14, p141. S175 poo: 
Bench-Vise Details, §14, p87. Hexagonal, §13, pp56, 63. 
Bevel Gears, §14, p117. Intersected, §17, p35. 
Commutator, §14, p66. Intersecting, §16, p88; §17, p31. 
Coupling and Bearing, §14, p57. Pentagonal, §17, p26. 
Cylinder and Valve-Rod Stuffingbox, §14, Projection of, §16, p59. 
p136. Rectangular, §13, p62. 
Details, §14, p22. Sections of, §16, p75. 
Developments—I, $17, p25. Profile of tooth, §14, pid: 
Developments—I]I, §17, p31. Profiles of Gear-Teeth, Drawing Plate §14, 
Developments—III, §17, p33. pl05. 
Developments—IV, §17, p44. Projection, §13, p50. 
Developments—V, §17, p53. Angles of, §16, p7. 
Drawing-Room Standards, §14, p15. Basis of, §16, p41. 
Driving Pulley, Flywheel and Crank-Shaft, drawing, §13, p49. 
§14, p121. drawing, Proof of, §16, p25. 
Engine Frame, §14, p122. First-angle, §14, p39. 
Gear and Pinion, §14, p114. Importance of correct, §17, p59. 
Hand Wheel and Pulley, §14, p48. lines, §15, p13. 
Intersections—I, §16, p87. of cone, $16, p68. 
Intersections—I]I, §16, p93. of cube, §16, p55. 
Machine Details, §14, p39. of cylinder, §16, p94. 
Piston, Crosshead, and Connecting-Rod, of intersecting prisms, §16, p88. 
§14, p131. of irregular solids, §16, p78. 
Practice Sheet, §14, p11. of line, §16, p21. 
Profiles of Gear-Teeth, §14, p105. of plane, §16, p38. 


Projections—I, §16, p15. of point, §16, p20. 
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Projection—(Continued) 
of prism, §16, p59. 
of pyramid, §16, p76. 
of scalene cone, §16, p85. 
of solids, §16, p55. 
Orthographic, §16, pl. 
Third-angle, §14, p39. 
Views necessary in, §16, p6. 
Projections, Planes of, §16, p16. 
—I, Drawing Plate, §16, p15. 
—II, Drawing Plate, §16, p47. 
—III, Drawing Plate, §16, p63. 
Projectors, §16, p18. 
Arc method of secondary, §16, p42. 
Primary, §16, p18. 
Secondary, §16, p18. 
Proof of projection drawing, §16, p25. 
Protractor, §13, pl7. 
Pulley, Constructing a, §14, p50. 
Pyramid and cone, Relation of, §17, p36. 
Development of, §17, pp44, 57. 
Development of frustum of, $17, p46. 
Frustum of, §13, p49. 
Hexagonal, §13, pp57, 63. 
Projection of, §16, p76. 
Sections of, §16, p75. 


Q 


Quadrangular pyramid, Development of, §17, 
p44. 


Rack, §14, p111. 
Radial developments, §17, p8. 
forms, §17, p49. 
lines, Development by, §17, p36. 
solids, Revolution of, §17, p40. 
solids, Stretchouts for, $17, p39. 
Ram, View of, §15, pp40, 48. 
Reading a working drawing, §14, p144. 
Ream or reamed, Meaning of, §14, p9. 
Rear elevation, §16, p9. 
Rectangular prism, §13, p62. 
Reenforcing plates, §14, p78. 
Relation of pyramid and cone, §17, p36. 
Revolution of radial solids, §17, p40. 
Right-line pen, §13, pll. 
Right position of line, §16, p21. 
Ring, Cast-iron cylindrical, §13, p59. 
Rivet, §13, p57. 
Driven size of, §14, p83. 
Rivets, Field, §14, p80. 
Pitch of, §14, p81. 
Size of, §14, p83. 
Space of, §14, p81. 
Roof plan, §16, p9. 
Root circles, §14, p116. 
of tooth, §14, p109. 


Round corners and fillets, §14, p52. 

Rule, Standard steel, §15, p16. 
Two-foot, §15, p15. 

Rules for parallel developments, §17, p24 
for radial developments, $17, p42. 

Ruling pens, §13, pll. 


S) 


Safety collar, Views of, §15, p7. 

Scale, §18, p17. 

Proportioning the, §14, p5. 

Scalene cone, Development of, §17, p61. 
cone, Projection of, §16, p85. 

Scales, §14, p3. 

Kinds of, §14, p4. 

Screw, Double square-threaded, §14, p25. 
Double V-threaded, §14, p28. 
Fillister-head machine, $14, p35. 
Machine, $14, p35. 

Method of constructing, $14, p45. 

Single V-threaded, §14, p27. 

threads, Representation of, §14, p39. 
V-thread, Methods of representing, §14, p31. 
View of single square-threaded, §14, p23. 

Screws, Round head and flathead wood, §14, 

p35. 

Secondary projectors, §16, p18. 
projectors, Arc method of, §16, p42. 

Section drawings, §16, p9. 
drawings, Use of, §16, p70. 

How represented, §16, p73. 
lines, Rules for, §14, p20. 
of cube, §16, p71. 

of cylinder, §16, p77. 

of irregular solid, §16, p78. 
of prism, §16, p75. 

of pyramid, §16, p75. 

of scalene cone, §16, p85. 
of sphere, §16, p71. 
Position of, §16, p9. 

Sections and cutting plane lines, §15, p13. 
and section lining, §14, p18. 
Black, §14, p19. 

Conic, §16, p81. 
—lI, Drawing Plate, §16, p70. 
—II, Drawing Plate, §16, p81. 

Seller’s triangular or V thread, §14, p28. 

Set of plans, §16, p10. 

Setscrews, Forms of, §14, p34. 

Shade lines, §13, p73; §15, p13; §16, p4. 

Shaft bearing, Description of, §14, p61. 
Hanger, Drawing Plate, §14, p93. 
hanger, Elevation of, §14, p103. 
hanger, End view of, §14, p100. 
hanger, Views of shell of, §14, p96. 
hangers, §14, p93. 

Sharpening the drawing pen, §13, p14. 
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Shell of shaft hanger, Details of, §14, p98. 
Shrinking fit, §14, p9. 
Side elevation, §13, p52; §16, p9. 
view, $13, p42; §16, p9. 
Sight, Line of, §16, p6. 
Single V-threaded screw, §14, p27. 
Sketch, Writing measurements on, §15, pl9. 
Sketches, §15, pl. 
Sketching, §15, pl. 
an object requiring a section, §15, p7. 
an object requiring one view, §15, p3. 
an object requiring three views, §15, p6. 
an object requiring two views, §15, pd. 
complete machines, §15, p35. 
machine details, §15, p3. 
Materials for, §15, p3. 
two or more objects fitted together, §15, p9. 
Solids, Classification of, §17, p3. 
Development of, §17, p5. 
Development of intersected, §17, p20. 
Development of intricate, §17, p32. 
how divided into classes, §17, p10. 
Irregular, §17, pp54, 56. 
Projection of, §16, p55. 
Projection of irregular, §16, p78. 
Revolution of radial, §17, p40. 
Sections of irregular, §16, p78. 
Stretchouts for parallel, §17, p14. 
Stretchouts for radial, §17, p39. 
Space of rivets, §14, p81. 
Sphere and cylinder, Intersection of, §16, p99, 
§17, p35. 
Development of, §17, p64. 
Sections of, §16, p71. 
Spur gear-wheels, §14, pp109, 113. 
Square, Adjustable, §15, p16. 
Blade of, §15, p16. 
cast-iron washer, §13, p58. 
head bolt and nut, Representation of, §14, 
p34. 
-headed bolt, §18, p58. 
Solid, §15, p16. 
Stock of, §15, p16. 
thread, §14, p24. 
To inscribe in circle, §13, p38. 
Standard machine and wood screws, Table of, 
§14, p162. 
steel rule, §15, p16. 
Steel Girders, Drawing Plate, §14, p77. 
tapes, §15, p16. 
Stiffeners, §14, p78. 
Abbreviation of, §14, p86. 
Stock of square, §15, p16. 
Straight line equal in length to arc of circle, 
§13, p41. 
line into equal parts, To divide a, §13, p34. 
line, To bisect a, §13, p28. 
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Straight—(Continued) 
line, To draw a parallel to a, §13, p30. 
line, To draw a perpendicular to a, §13, p29. 
Straightedge, §15, p16. 
Stretchout, §17, p14. 
for parallel solids, §17, p14. 
for radial solids, §17, p39. 
Laying of, §17, p16. 
Stroke, Adjustment of, §15, p46. 
Stud bolt, Sketch of, §15, p4. 
Surface gauge, §15, p19. 
gauge, Measuring with a, §15, p26. 
lines, §14, p16. 
Surfaces bounded by curved lines, §16, p44. 
Dark, §13, p74. 
Finding distance between curved, §15, p21. 
Hidden, §16, p58. 
in a pattern, how related, §17, pl. 
Inclined position of, §16, p40. 
Intersection of two cylindrical, §13, p68. 
Irregularly outlined, §16, p48. 
Light, §13, p74. 
Oblique irregular, §16, p54. 
oblique, Position of, §16, p49. 
Plane, §16, p36. 
Projection of, §16, pp48, 54. 
Symmetrical objects, Views of, §15, p10. 
Symmetry, Axis of, §15, p10. 


ay 


T joint, Pattern for, §17, p25. 
T square, §13, pl. 
Tamping rings, View of, §14, p72. 
Tap, Meaning of, §14, p9. 
Tapes, Steel, §15, p16. 
Teeth, Cycloidal or double-curved, §14, p109. 
To find number of, §14, p1l14. 
Thickness, §15, p20. 
Third-angle projection, §14, p39; §16, p7. 
-angle projection, Reading, §16, p57. 
Thread, American, §14, p28. 
Real depth of, $14, p28. 
Seller’s triangular or V, $14, p28. 
Square, §14, p24. , 
United States standard, §14, p28. 
Throw of the eccentric, §14, p129. 
Title and number of drawing, §14, p8. 
Tooth, Face of, §14, p109. 
Flank of, §14, p109. 
Involute or single-curve, §14, p112. 
Profile of, §14, p111. 
Root of, §14, p109. 
Top plan, §13, p51. 
view, $18, p51. 
Tracer, §14, p7. 
Tracing cloth, §14, p10. 
the drawing, §14, p13. 
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Tracings, §14, p10. 
Triangle, §16, p81. 
To draw an equilateral, §13, p36. 
To draw from two sides and included angle, 
§13, p37. 
Triangles, §13, p3. 
Triangulation, §17, p49. 
Basis of, $16, p35. 
Modified methods of, §17, p60. 
True edge lines, §17, p41. 
length of lines, how found, §16, p35. 
Turning fit, §14, p9. 


Two-foot rule, §15, p15. . 
-pieced elbow, Pattern for, §17, p25. 
U 


United States standard steam, gas, and water 
pipe, §14, p165. 
States standard thread, $14, p28. 
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V-threaded screw, Methods of representing, 
514, 331. 
Valve Gear, Drawing Plate, §14, p127. 
stem guide, View of, §14, p128. 
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Vertex of parabola, §13, p45. 
Vertical plane, §16, p6. 
View, Side, §13, p51. 
Top, §18, p51. 
Views, Foreshortened, $16, plo. 
Full, §16, p43. 
necessary in projection, §16, p6. 
Position of, §14, p38. 
Position of full, §16, p52. 
Vise, Views of, §14, pp87, 91. 
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Washer, Square cast iron, 313, p58. 
Web-plate, §14, p78. 
Webs, §14, p122. 
Wedge, §13, p55. 
Wheel, Constructing a hand, §14, p50. 
Working drawings, §14, pl; §16, p2. 
drawings, Kinds of, §14, p2. 
drawings, Reading, §14, p144; §16, p33 
Worm, Method of drawing, §14, p41. 


Z 
Zones, Developinent of sphere by, §17, p64. 
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